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ABSTRACT
A Study of Obstacles to Use of Methane Gas
Produced in Landfills for Energy
by
Sharee Lynn Bowdidge
Dr. Krystyna A. Stave, Examination Committee Chair
Assistant Professor of Environmental Studies
University of Nevada, Las Vegas
The purpose of this study is to examine why landfill generated methane gas is not being treated as
a resource, and used more widely as an energy source in the Southwestern United States.
In this thesis, I have identified four possible barriers that may describe why this resource is not
being used more often at landfill operations: 1) technological difficulties, 2) economic limitations, 3)
regulatory constraints, and 4) insufficient desire to use. I have explored each of the possibilities in depth
through case study interviews with individuals employed at six landfill operations, and individuals
associated with landfill policy making..
Although it would seem that economic reasons might be the major factor in the decision for
implementing conversion to energy programs, data showed that technological factors also weigh heavily in
the process. Results show that there may not be sufficient methane being generated, and the added cost of
installing conversion equipment is not always perceived as cost effective.
Results show a strong correlation between regulations and use, with two of the landfills studied
showing regulatory considerations as a detriment. The data showed that among landfill operations that are
currently using this resource, an overall reduction or savings had been realized. In all six of the landfills
studied, the desire to use gas-to-energy was strong, even when there were strong barriers in the other three
areas.
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ABSTRACT
A Study of Obstacles to Use of Methane Gas
Produced in Landfills for Energy
by
Sharee Lynn Bowdidge
Dr. Krystyna A. Stave, Examination Committee Chair
Assistant Professor of Environmental Studies
University of Nevada, Las Vegas
The purpose of this study is to examine why landfill generated methane gas is not being treated as
a resource, and used more widely as an energy source in the Southwestern United States.
In this thesis, I have identified four possible barriers that may describe why this resource is not
being used more often at landfill operations: 1) technological difficulties, 2) economic limitations, 3)
regulatory constraints, and 4) insufficient desire to use. I have explored each of the possibilities in depth
through case study interviews with individuals employed at six landfill operations, and individuals
associated with landfill policy making.
Although it would seem that economic reasons might be the major factor in the decision for
implementing conversion to energy programs, data showed that technological factors also weigh heavily in
the process. Results show that there may not be sufficient methane being generated, and the added cost of
installing conversion equipment is not always perceived as cost effective.
Results show a strong correlation between regulations and use, with two of the landfills studied
showing regulatory considerations as a detriment The data showed that among landfill operations that are
currently using this resource, an overall reduction or savings had been realized. In all six of the landfills
studied, the desire to use gas-to-energy was strong, even when there were strong barriers in the other three
areas.
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CHAPTER ONE
INTRODUCTION
The purpose of this study is to examine why landfill generated methane gas is not being treated as
a resource, and used more widely as an energy source in the Southwestern United States.
In this thesis, I have examined four possible barriers that may describe why this resource is not
being used more often at landfill operations: 1) technological difficulties, 2) economic limitations,
3) regulatory constraints, and 4) insufficient desire to use. I have explored each of the possibilities in
depth through case study interviews with individuals employed at six landfill operations, and individuals
associated with landfill policy making.
Although it would seem that economic reasons may be the major factor in the decision for
implementing conversion to energy programs., data showed that technological factors also weigh heavily in
the process. Results show that there may not be sufficient methane being generated, and the added cost of
installing conversion equipment is not always percieved as cost effective.
Results show a strong correlation between regulations and use, with two of the landfills studied
showing regulatory considerations as a detriment. The data showed that among landfill operations that are
currently using this resource an overall reduction , or savings had been realized. In all six of the landfills
studied, the desire to use gas-to-energy was strong, even when there were strong barriers in the other three
areas.
Organization of Thesis
Chapter One introduces the question and describes the relevance of this study. Chapter Two
presents the literature review, and discusses the varying possibilities the potential four barriers identified
above. Chapter Three describes methodology used for this study. In Chapter Four, I describe the data.
Chapter Five is the conclusion and any recommendations for future study.
Defining the Problem
Landfill generated gas is considered a medium-British thermal unit (Bru) gas and can produce
energy and associated revenues (DOE 2001). Since methane is the primary constituent of natural gas,
landfill produced CHt can provide a consistent source of energy and can be used as a fuel (EPA 1996).
Given the rise in cost of fossil fuels, gas produced from landfills is a grossly underused renewable resource.
Landfill gas is generated by the decay of buried trash in landfills under anaerobic (i.e., without oxygen)
conditions Gas generation generally begins from six months to two years after waste is placed in a landfill.
However, gas generation rates vary depending on moisture content and other site specific factors such as
separating organic and inorganic waste, or removal of recyclable materials. When the organic waste
decomposes, it generates gas consisting of approximately 50 percent methane (CH(), the major component
of natural gas. The remaining constituents of landfill gas are 45% carbon dioxide (CO2) and 5% other
gasses including hydrogen sulfides and volatile organic compounds (VOC's).
The U.S. Environmental Protection Agency (EPA) estimates that approximately 600 to 700
landfills produce sufficient methane gas for profitable energy production in the United States. The gas from
these landfills could provide enough electricity for about 3 million homes (Wheless, et al. 1996). Yet, as of
December 1999, only 218 operating facilities in the U.S. were converting landfill methane gas to useable
energy (EPA-LMOP, 2000a). In seven western states, 61 landfills currently operate landfill-to-gas
facilities, but another 71 sites have been identified as potential candidates for landfill-to-gas use (EPA-
LMOP, 2000a).
My question is why more of the candidate landfills in these seven states are not using landfill
produced methane gas for energy. This study examines factors promoting methane use at three of the 61
operating landfills. It also examines three of the 71 EPA identified potential landfills, and will study
factors that may obstruct use of CH| produced from landfilling.
Why it is a Problem
"Globally, one billion metric tons of organic waste in the form of municipal solid waste (MSW)
are placed into solid waste containment facilities every year" (Hutchinson, 1993 p. 365). It is estimated
that each person in the United States generates 4.5 pounds of waste each day, which equates to almost one
ton per year per person. Most of the generated waste is deposited in municipal solid waste landfills (EPA-
LMOP 2000 b). Landfills are the largest single man-made source of methane emissions in the United
States (EPA 2000c) (Figure 1-1).
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Figure 1-1 Distribution of Methane Among Major Sources in 1997 Source EPA 1999
Large modern municipal solid waste facilities (landfills) are a relatively modern phenomenon, and
can be traced back approximately 30 years (Hutchinson 1993). The deposition of waste in landfills has
produced an ongoing supply of biogas, among which is methane gas. Although the recovery of methane
for energy use has risen over the past ten years from 940,000 metric tons in 1990, to 1.7 million metric
tons, the potential for conversion is much higher ( DOE 200 Ib ). EPA's Office of Solid Waste predicts that
methane produced from municipal landfills will rise four percent annually (U.S. DOE 200Ib).
Landfill-produced gases are composed of several constituents, but methane makes up 40-60
percent of the overall outflow (Tchobanoglous et al. 1993). Studies concerning the volume of greenhouse
gas emissions vary, but there is a general consensus that the estimated global generation of CHt from
municipal solid waste is 30 to 70 million metric tons per year (Hutchinson, 1993). The EPA estimates that
10% of the nation's total greenhouse gas emissions is methane and that of the 10% methane, about 40% of
man-made methane emissions are attributable to landfill gas (EPA-LMOP 2000, EPA 2000b, Hutchinson
1993). Methane emissions from landfills are affected by site-specific factors such as waste composition,
moisture, and landfill size (Tchobanoglous et al. 1993). Only approximately 14% of the methane generated
in U.S. landfills in 1997 was recovered and combusted, often for energy use, but the remainder was simply
flared off into the atmosphere (EPA 2000c). Even with increased recycling and source reduction, America
will continue to dispose of solid waste in landfills, so CH| emissions from these landfills is a continuing
problem. In Nevada, there are five landfills that have been identified by the EPA as candidates for landfill-
to-gas use. The EPA estimates deposition of material at these Nevada candidate landfills is 9.0 million
cubic feet per day (mmcf/day) (EPA-LMOP 2000a). This is the equivalent of approximately 206 acres of
land being filled with a depth of one foot of trash per day.
Collecting the landfill produced gas eliminates (1) a source of foul odors, (2) a potential fire
hazard, and (most importantly) (3) air pollutants that contribute to smog and global climate change.
Landfill gas emissions contribute to local smog and can cause unpleasant odors and trigger complaints from
neighbors. Methane is also highly explosive and has been responsible for 40 landfill fires and explosions in
the United States that resulted in ten deaths. Methane is also a "greenhouse gas", that has roughly 21 times
the global warming effects of carbon dioxide (DOE 200 la).
Life on earth is dependent on the continuous atmospheric processing of gasses known as the
greenhouse effect, wherein incoming ultraviolet radiation from the sun is partially absorbed at the earth's
surface, redistributed through the oceans and atmosphere, then radiated back to space in infrared
wavelengths. Hempel (2000) notes that the most critical factors in controlling greenhouse gas emissions
may be the choice of fuel type and the efficiency with which it is used. Methane is emitted during the
production and transport of coal, natural gas, and oil. Methane emissions also result from the
decomposition of organic wastes in municipal solid waste landfills, and the raising of livestock.
Atmospheric methane is an integral component of the greenhouse effect, second only to CC>2 as a
contributor to anthropogenic greenhouse gas emissions (Aitchison et al., 1996, Pipatti et al., 1996).
Many scientists believe that the next global problem we will have to deal with will be global
climate change or the "greenhouse" effect. The term refers to a cause-and-effect relationship in which
gasses form a thick layer in the atmosphere that acts as a thermal blanket, trapping heat in the earth's
atmosphere. Energy from the sun drives the earth's weather and climate, and heats the earth's surface,
which in turn radiates energy back into space. Atmospheric greenhouse gases trap some of the outgoing
energy, retaining heat somewhat like the glass panels of a greenhouse (EPA 2000a, Augenstein 1992).
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Under normal conditions the earth has been protected by a "blanket" in the atmosphere that
effectively reflects warmth back to the earth. Without this blanket, the earth would be too cold for
habitation as we know it. Instead, thanks to greenhouse gases, the earth's average temperature is a more
hospitable 60°F. But too much warming, such as the burning of fossil fuels, has caused excessive amounts
of gases to rise to the atmosphere, which act as extra "blankets" and many scientists believe this warming
trend will cause global warming (EPA 2000a). The earth's climate is predicted to change because human
activities are altering the chemical composition of the atmosphere through the buildup of greenhouse gases
- primarily carbon dioxide, methane, and nitrous oxide.
Historically atmospheric concentrations of carbon dioxide have ranged from 200 to 280 parts per
million (ppm) (Soroos 1997). From gasses trapped in ice, scientists have been able to plot climate shifts
over the past hundreds of thousands of years by extracting ice-core samples from Antarctica and
Greenland. Based on ice-core measurements, since the beginning of the industrial revolution, atmospheric
concentrations of carbon dioxide have increased nearly 30% from 280 ppm to 360 ppm (Soroos 1997).
Methane concentrations have more than doubled, and nitrous oxide concentrations have risen by about 15%
(EPA 2000 (b). These increases have enhanced the heat-trapping capability of the earth's atmosphere.
Scientists generally believe that the combustion of fossil fuels and other human activities are the primary
reason for the increased concentration of carbon dioxide (EPA 2000a). Plant respiration and the
decomposition of organic matter release more than 10 times the CO2 released by human activities; but these
releases have generally been in balance during the centuries leading up to the industrial revolution with
carbon dioxide absorbed by terrestrial vegetation and the oceans. What has changed in the last two hundred
years is the additional release of carbon dioxide by human activities. Energy burned to run cars and trucks,
heat homes and businesses, and power factories is responsible for about 80% of society's carbon dioxide
emissions, about 25% of U.S. methane emissions, and about 20% of global nitrous oxide emissions (EPA
2000c). Meadows et al. (1992) note the eight hottest years in the past century were, in increasing order:
1980, 1989, 1981, 1983, 1987, 1988, 1991, 1990. Landfill and wastewater sludge treatment is the most
important sources of the greenhouse gas emission from waste management and cause about 20% of the
total emissions (Pipatti et al. 1996).
Often, estimates of greenhouse gas emissions are presented in units of millions of metric tons of
carbon equivalents (MMTCE), which weighs each gas by its GWP value, or Global Warming Potential.
Although production of carbon dioxide (€02) through fossil fuel burning is considered to be the major
contributor to global warming, methane gas (CH») is also a considerable contributor to this effect. Using
the Global Warming equation method, methane's overall contribution to global warming is significant
because it is estimated to be 21 times more effective at trapping heat in the atmosphere than CO2 (i.e., the
GWP value of methane is 21) (EPA 2000, Papatti et al. 1996). Using these units, from 1975 to 1988 the
amount of methane in the atmosphere increased by 12% (Smith, 1999).
Regulatory Background
Prior to 1976, solid waste was regulated in the broad context of collection. There was no
conservation/recovery program, hi 1976, Congress realized that "the continuing technological progress and
improvement in methods of manufacture, packaging, and marketing of consumer products has resulted in
an ever-mounting increase and in a change in the characteristics, of the mass material discarded by the
purchase of such products." 42USCA Sec 69t)l(aXl). At that point Congress passed the Solid Waste
Disposal Act, Resource Conservation and Recovery Act (RCRA) (42USCA Sec 6901 et seq.). The main
focus of regulating landfill emissions was the control of VOC's. The regulatory control of methane is
focused on the disposal of methane, as it is not considered a hazardous waste by the EPA.
Congress recognized the necessity to regulate landfills in a nationally consistent manner.
Congress stated "that while the collection and disposal of solid waste should continue to be primarily the
function of state, regional and local agencies, the problems of waste disposals ... have become a matter
national in scope and in concern and necessitate Federal action through financial and technical assistance
and leadership in the development, demonstration and application of new and improved methods and
processes to reduce the amount of waste and unsalvageable materials and to provide for proper and
economical solid waste disposal practices." (42 USCA Sec 6901(a)(4)). Subtitle D of RCRA requires
landfills to control offsite migration of CH(. It also requires measures such as gas pumping to prevent CHt
concentrations from exceeding 5% overall (DOE 200 la). Congress further defined the problem of the
accumulating volume of solid waste by stating that as a result of the Clean Air Act and the Water Pollution
Control Act there were greater amounts of sludge and waste being created and shipped to landfills. Section
690 l(b) describes the problem with open dumping, inadequate controls of hazardous waste, inability of
certain landfills to handle hazardous waste, and the need to find alternative methods of land disposal in
light of shrinking availability of land (42 USCA Sec 690 l(b)).
In the Solid Waste Disposal Act, Congress discusses the use of solid waste as a potential
alternative energy source. Section 6901 calls for the development of alternative energy sources for public
and private use, and states mat the technology exists which can achieve this goal (42 USCA 6901
So as early as 1976, Congress had set several objectives for the conservation of energy. These
objectives have been described as policy to promote the protection of health and environment, and to set
conservation guidelines. Among the objectives Congress provides "technical and financial assistance to
state and local governments and interstate agencies for the development of solid waste management plans
(including resource recovery and resource conseivation systems)" (42 USCA Sec 6902(a)(l)). The
objectives call for a "cooperative effort among the Federal, state, and local governments and private
enterprises in order to recover valuable materials and energy (emphasis added) from solid waste (42
USCA Sec 6902 (a)(l 1)). These objectives prohibit future open dumping. They allow for technical and
financial assistance to state and local governments, and provide for grants in occupations involving solid
waste management.
When a landfill reaches 50 megagrams per year of emissions it is required to perform in
accordance with 40 CFR Sec. 60.752 and 60.755 and 40 CFR Ch. 1, Part 258. The Code of Federal
Regulations (CFR) requires annual reporting of emissions from landfills and sets guidelines. It also
requires a collection system to be installed to collect landfill produced gases, and requires any flaring
system to be built within Federal guidelines. In relation to emission and collection of methane gases, the
CFR requires any operation with the capacity of 2.5 million cubic meters to install a control emission
system in the manner described in Section ILA Methods of Collection. This means that all landfills are
required to have a collection system, so for larger landfill operations, the collection of methane is already in
place (60 CFR, Part 60, Subparts Cc and WWW). There is no requirement however for conversion to
energy.
8Following the passage and implementation of RCRA, Congress recognized that the existing
definition of solid waste needed to be further clarified, and that different types of waste should be disposed
of in specific ways. In 1984 two paragraphs were added to Section 6982 of the USCA. These two
paragraphs clarify and define the difference between hazardous and solid waste. The section also clarifies
recycling requirements and calls for special studies for research development aimed at extending landfill
life and also reusing closed landfilled areas. Sub-section (s) states "(T)he Administrator shall conduct
detailed, comprehensive studies of methods to extend the useful life of sanitary landfills and to better use
sites in which filled or closed landfills are located" (42 USCA Sec 6921(rXs)). With this statement
Congress clearly set the policy path for the possibility for the productive use of methane gas, and directed
me EPA Administrator to study such issues as: reduction of volume in landfills, more efficient systems for
waste deposition, enhancement of decomposition of materials, new uses of landfill sites, and the use of
methane production from closed landfill units. In this amendment the Administrator is directed to report
periodically on the results of such studies, with the first report due no later than October 1, 1986.
Since 1986, the EPA Administrator has published hundreds of reports concerning solid waste
management and methane gas use. The EPA has also set up a Landfill Methane Outreach Program (LMOP)
which was created as part of President Clinton's Climate Change Action Plan. This is a voluntary program
designed to encourage and facilitate the development of environmentally and economically sound landfill
to gas projects across the United States. The program is set up to work with all entities, both public and
private, to overcome any barriers that would otherwise prevent programs from proceeding. The LMOP
"helps facilitate and promote the use of landfill gas as a renewable energy source" (EPA-LMOP 2000a).
The LMOP has been directed by the EPA to provide potential project participants with information on
landfills that may offer energy development opportunities (EPA 1996). The goal of LMOP is to help form
alliances with state, utility and industries through the process of a Memorandum of Understanding (MOU).
The purpose of the MOU's is for the various parties to acknowledge their individual roles in promoting the
use of methane gas. In this role the EPA acts as a facilitator in helping these entities to work together with
a specific goal in mind.
A regulation promulgated in March 1996 requires the largest U.S. landfills to begin collecting and
combusting their landfill gas to reduce emissions of non-methane volatile organic compounds (NMVOCs).
Furthermore, the EPA is currently reviewing site-specific information on landfill gas recovery and
anticipates that this new information will lead to a higher estimate of the national recovery total, and thus,
lower net methane emissions (EPA 2000 b). Federal Order 13123 (1999) requires all federal agencies to
expand use of renewable energy. The goal of this order is to reduce greenhouse emissions from energy use
30% by 2010 (Guzzone 2001).
Since 1996, municipal landfill operations have been required by federal law to install liner and
collection systems to control biogas emissions (Code of Federal Regulations, various sections). However,
they have not been required to use the collected gasses in any other fashion except to flare them oflFinto the
atmosphere. Some landfills around the country simply allow methane to escape into the atmosphere.
Certain larger landfills are required by the EPA to install collection systems but many of those landfills
simply burn off the gas into the atmosphere. This burning reduces the amount of methane released by
converting CH» to CC>2 (also a greenhouse gas) and H/zO, but it does not eliminate the problem. By using
the CH) to generate energy we reduce the emissions released into the atmosphere, thus preventing methane
from migrating into the atmosphere (EPA-LMOP 2000b).
Significance of this Study
Landfill produced methane is a resource that is renewable, retrievable, and useable for energy. In
addition, not using the gas creates nuisance and disposal problems. We will continue depositing waste in
landfills, and the CHt that is produced will continue to be generated, so the availability of this resource will
remain constant. By law the CH» that is generated must be dealt with whether it is used as a resource or
not. Current disposal methods of collecting and flaring contribute to atmospheric smells and pollution,
pose a fire hazard and contribute to the global warming problem. The incentives for using methane for
energy are high, yet many landfills continue simply flaring off their excess gas into the atmosphere.
CHAPTER TWO
EXPLANATION OF THE PROBLEM
There are several barriers to using landfill produced methane as an energy source. These barriers
include technological difficulties, economic limitations, and regulatory constraints. These barriers are often
intertwined and often are dependent upon optimal circumstances combined together in order for successful
conversion programs to be developed. In addition to these three barriers, there are other less tangible
perceptions about use that might explain why managers choose not to use landfill generated methane.
Kindgon (1995) stated "the values one brings to an observation play a substantial role in problem
definition" (p. 110). The way in which we perceive the world, or our mental models, work in a dynamic
manner to shape our actions. Mental models can be generalizations of behavior or complex theories of
systems, but no matter how large or small the model, they shape our actions (Senge 1990).
Technological Difficulties
As of May 2001, over 325 landfill gas recovery and utilization projects were operational in the
United States. EPA estimates that about 700 other landfill sites present attractive opportunities for project
development (EPA-LMOP 2001a). In the solid waste industry, it is common knowledge that the
technology exists to convert methane gas into a pure enough form for energy use (McBean et al. 1995,
Tchobanoglous et al. 1993, EPA-LMOP 2000a, SWANA 2000). Although the technology exists for
conversion, it is not being widely used. The lack of use is often due to barriers that are specific to each site,
such as:
• Inability to collect the gas efficiently
• Insufficient amount of gas produced and/or lack of ability to measure the quantities
• Lack of consistency of material or the percentage of CHj produced
• A lack of sufficient moisture in the deposited material.
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Methane is a by-product of all landfills, but the amount and quality of the gas vary from site to site
depending on moisture content, pre-treatment of waste and removal of recyclable material. The use of
methane for energy is dependent upon the technological ability to effectively collect the gas and accurately
measure the amount and quality of CHt. There are various challenges associated with the technological
feasibility of collection, but most of these problems have been overcome with engineering. Once the
methane has been collected, it is either used directly by providing energy to industry to run machinery, such
as kilns. It can also be pumped into turbine engines or boilers and used to generate electricity.
Methods of collecting
Methane production generally begins six months to two years after waste is placed in a landfill
(EPA 1999, EPA 1996). Methane is highly explosive and has been responsible for 40 landfill fires and
explosions that resulted in 10 deaths (EPA 1991). Because of this volatility, landfills are required by
federal law to have a type of collection system and waste treatment on site whether the gas is used for
alternative fuel or simply flared off (40 CFR). Landfill operations that are projected to remain smaller than
2.5 million cubic meters of waste; receive less than 20 tons of waste (averaged per year), receive less than
25 inches of rainfall annually, and have no other practical waste disposal are allowed to vent gasses directly
into the atmosphere, but landfills that are larger are required to install a flaring system (60 CFR, EPA
1993).
Gas collecting systems generally fall into two categories, passive and active. However with either
system, the potential energy that could be generated is lost because there is no requirement for conversion
to energy, hi a passive system, wells are drilled into the landfill material which allows the produced gasses
to vent directly into the atmosphere (Wegener, et al. 1989). hi active systems, extensive design and
engineering is required The removal of gas from this system involves rigorous maintenance of the wells
and well heads, and is expensive to maintain (Marshall, 1988). However, a recent technological
advancement uses remote computers to perform gas-flow balancing, rather than the physical monitoring of
each well head. This may prove to reduce costs connected with maintenance of gas collecting wells
(Guzzone2001).
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Figure 2-1 Schematic of Various Landfill Gas-to-Energy Recovery Systems
Source: EPA/LMOP 1996
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Gas is collected by using a system of vertical wells drilled into the landfill. Wells are typically spaced 150
to 300 feet apart, depending on site-specific variables (EPA 19%). Vertical wells are most commonly used
because horizontal wells will typically fail due to weakness caused by adding material (Tchobanoglous et
al. 1993). The wells are connected by piping to a central point, where a blower/motor vacuums the gas
from the landfill. This method can achieve up to 85% efficiency in methane recovery (EPA 1996) (Figure
2-1).
Methods of measuring
The amount of methane generated is site specific and is determined by the factors described above
as quantity of organic material, nutrients, moisture content, temperature, and pH. The EPA has established
and published standardized equations to help determine estimated gas generation, and use potential. These
equations were developed using information from studies conducted by various government and private
entities, and are meant to be used as guidelines. These equations allow for a great variance in estimated
waste in place, and results can vary greatly depending on the estimates from individual landfills of waste in
place. The methane generation model equations were generated using national averages as default values
and have a variance of anywhere from a 50% (or one-half) concentration of CH, usually found at older
landfills, to a default value of 85% for possible collection efficiency attributed to newer, well designed
landfills. These models can generate estimates with potentially large uncertainties and extensive site
monitoring is recommended (EPA 1996). The EPA's generation figures are based on the waste in place,
landfill area used, average depth and density of waste. An efficiency factor of less than 100% is always
assumed due to several factors including (but not limited to) poor well placement and air infiltration
through the landfill cover, the wellhead, or lateral pipe connections (EPA 1996).
A new and perhaps more accurate method of measuring has been developed in Sweden that has
produced an increased 15-30% accuracy in measuring methane emissions, and has been used for the last
year and a half (Galle 2001). This method has been developed using the FTIR absorption spectroscopy,
which is a recent development in the manner in which the data is collected and converted from an
interference pattern to a spectrum. It can be applied to the analysis of solids, liquids, and gasses. (West
Coast Analytical Service 2001). It has the capability of measuring multiple compounds simultaneously
(EPA 1999a). Because of the capability of simultaneous measuring, landfill gas can be constantly
:
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measured for overall percentage of CH,. This means that through this measuring process, consistency of
supply can be more accurately monitored.
Consistency of material -
Other technological barriers include problems associated with consistency of material that is
specific to each site. Landfill operations accept waste matter in several different manners. The quality and
quantity of CHt is determined by how waste material is separated at the source (home, office). If source
material is thoroughly separated — that is recyclable materials and bio-waste are removed prior to the
placing of other wastes, collection of CH, for use is simpler, and requires less treatment prior to end use.
Some operations treat the deposited material prior to landfilling by removing organic material, others
remove larger waste items, such as household appliances, while others deposit fill as it is received. These
variances of material will directly affect the quality of CHt produced (Tchobanoglous 1993, Galle et al.
2001).
Characteristics of landfill gas are a function of the quantity and type of waste-in-place, climate,
and several other site specific factors (EPA 1996) The EPA has listed five characteristics that will
determine the amount and rate of methane production in landfills: quantity of organic material, nutrients,
moisture content, temperature, and pH (EPA 1999b). The type of material placed in landfill will change
the amount of methane produced (Tchobanoglous, 1993, Galle et al. 2001), with the most critical element
for production being the amount of organics and the number of years the waste has been in the landfill
(Block 2000).
Amount of moisture
Most municipal solid waste material contains a large amount of degradable organic carbon
moisture, and a variety of bacterial species which provides the necessary nutrients for development of CH|
(EPA 1999b). With oxygen present, aerobic bacteria are active and primarily produce CC>2. However in a
landfill the waste is covered regularly and the oxygen is quickly used up, which produces anaerobic
(without oxygen) bacteria. These bacteria are the primary decomposers of the waste, and methane as well
as CC«2 are produced (Peer et al. 1992). The variances of the amount of CHt produced are determined by
the type of fill material and treatment of filled material (Galle et al. 2001). This includes the treatment of
waste at landfills because different climates combined with any pre-treatment of waste, affects the
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production of methane. However if the material is treated to dry it, the production of oxygen is limited, and
the long term production of CH( will rise (Peer R. et al. 1992). While this may seem desirable, the
production of methane in this manner can extend over a long period of time (20-30 years) and may limit the
volume of gas produced, thereby limiting the availability of quantity of CHt for successful conversion
(Anderson 2001).
In a desert climate if waste material is not seeded with moisture, methane production could take
over a century to decompose (EPA 2000c). In addition to the problems associated with a dry climate,
EPA's 1991 Subtitle D landfill regulations requires the isolation of waste from direct contact with the
ground to prevent any moisture from collecting. The idea of Subtitle D was to isolate the material for
hundreds of years until the waste became benign. However, the EPA has concluded this form of treatment
will ultimately fail because of the inability of landfill operations to remove all moisture (emphasis added)
(Anderson et al. 2001). As a result of this conclusion, EPA, working with several landfill operations are
exploring landfill bioreactor technology. This is a process wherein additional liquids are deliberately
pumped into landfill material. The result is an acceleration of decomposition of organic materials, and a
resulting rise in the level of CH> produced (Anderson et al. 2001). The result of these efforts help to show
that climate is not always a factor inasmuch as the treatment of waste at the site can be a major
consideration.
Economic Restrictions
Although the benefits of mitigating climate change are difficult to quantify, many economists are
beginning to attempt to place a value on the costs of conversion to the use of "green" power. Even so, this
quantification is limiting in it current scope. According to Norgaard (1992), among other considerations,
there are few measures that are currently justified given the cost. However, as the cost of energy rises, and
people become more materially wealthy, conversion costs of methane to energy will continue to become
more viable. Therefore economic considerations can be prohibitive from two standpoints:
• Cost to operator for conversion
• Consumer unwillingness to pay additional cost for energy
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Cost to operator
Methane might not be used because of the cost of conversion is too high in comparison to current
costs of fossil fuel use (Gaddy 2000). A project is considered to be cost effective when the value for its
abated methane (revenue) is equal to or greater than the projects cost (EPA 1999b). In general pollution
control and environmental protection equipment can be costly. From the viewpoint of a business, the
decision to install any new equipment should be offset by a lower cost of other items. Larger landfill
operations are required to install collection systems, but the additional monetary burden of vigilant
monitoring of collection wells for quality of CH* may be an economic inhibitor. In 1996, the EPA
estimated the break-even gas price based on 1996 dollars, to support a "model" direct gas use project for
landfills with a waste in place (WIP) from 50,000 to 11,000,00 million tons (EPA 1999b). Table 2-1
outlines the EPA's estimates of cost estimates by project size . However with the recent introduction of
sophisticated monitoring systems, this may no longer be a barrier (Guzzone 2001).
For landfills that generate significant amounts of landfill gas (more than 1.3 million cubic feet per
day, power generation can be a cost effective method (EPA 1996). However, with recent technological
developments such as smaller turbine engines and the use of computer monitoring of wells may prove cost
effective for smaller landfill operations (Guzzone 2001).
Table 2-1:
Electricity Generation Example Cost Estimates by Project Size.
Size
WIP
(MTOOO)
318
476
635
953
1,271
1,127
2,918
(MW)
0.50
0.75
1.00
1.50
2.00
3.00
5.00
Collect and Flare
System
Capital
($000)
$272
$353
$428
$568
$699
$654
$ 1,310
O&M
($000)
$61
$64
$67
$73
$78
$77
$ 103
1C Engine/Generator
Capital
($000)
$693
$1,011
$ 1,322
$ 1,927
$2,517
$ 3,957
$ 6,000
O&M
($000)
$66
$99
$ 131
$197
$263
$394
$657
Total
Capital
($000)
$965
$1,364
$ 1,749
$ 2,495
$3,216
$4,611
$7,310
Costs
O&M
($000)
$ 127
$ 163
$ 199
$270
$341
$471
$760
All estimates are in 1996 dollars
Source: EPA 1999b
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Methods of conversion
All gas recovery projects start with a gas collection system. The cost of the recovery system is a
function of the amount of waste in place (WIP). Generally, gas collection efficiency is assumed to be 75
percent of emitted methane (EPA 1999b). There are three major ways to convert methane to gas for use:
direct piping, use in boilers to produce electricity, and compression into liquefied form for use as an
internal combustion engine fuel. Each of these conversions provides a different level of quality of gas and
associated costs. Of the three common types of conversion methods for the use of methane, the equipment
cost alone can range from $100,000 to over $2 million (Gaddy 2000, Lozeau 2001). These conversion
costs may not be perceived as cost effective in comparison with natural gas costs.
The simplest and most economical is to use the gas directly from the landfill in a boiler. CH, can
be used as a fuel source by piping directly to sources such as kilns, boilers or furnaces. The gas is used to
heat water, which in turn produces steam used to turn turbine engines. For direct use of CHf, if a landfill is
too far from existing markets, use may be limited and not practical in today's energy market. It is
suggested that for direct use in the manner, the landfill operation be no more than five miles from an
industrial area (EPA 1996). Surges of methane are not a problem when using CHi in this manner, because
the boiler will, in essence, stockpile excess gas and burn the CHf at a consistent rate. The end product is
electricity and steam, so both the methane gas and steam become useable sources of energy. The cost of
the equipment required (boilers) can be from $100,000 to $200,000 (Gaddy 2000). As of 1996, there were
about 26 landfill gas projects in the U.S. that used this technology (EPA 1996).
The most common and practical use of methane gas is for power generation, with more than 70
percent of operational landfill energy projects using this form of conversion (EPA 1996). The methane is
mixed in a diesel engine, at approximately 40-45% CHt, with the remaining fuel as natural gas
(Tchobanoglous et al., 1993, Gaddy, 2001). This blend is used as a fuel for internal combustion engines,
such as a generator, which then produces electricity. The gas can also be directly pumped into the engine
by using a filter, and COs will be filtered out But if the gas content of CHt is 40% or lower, the gas will
not produce sufficient fuel to run a generator engine. The most commonly used generator for this type of
conversion is the Caterpillar 3516 generator. The cost of the equipment to pump this gas directly into a
generator is can vary however, depending on added features that might be necessary and is determined on a
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site specific basis. The CAT 3516 can cost anywhere from $600,000 to $800,000 (Gaddy 2000, Lozeau
2002). The quality of the gas does not matter in this instance because gas turbines have continuous
combustion that will adjust to fluctuations in heat values (EPA 1996).
The most sophisticated technology for use is compressing the CH( into a liquid form - similar to
propane. However, this method requires large amounts of CH( to fill a tank for shipment. This method is
very similar to the production of propane and is the most costly. It does, however, produce the highest
quality fuel for use and can be used in the same manner as propane. The production of compressed gas
costs about $2.00 per gallon, which is comparable to current natural gas costs. However the equipment to
compress the gas will cost approximately $2 million (Gaddy 2000).
The technology for these three conversion methods (direct use, into boilers mixed with natural
gas, and compression) has been pretty much perfected and any cost reduction would be from site
management and manipulation techniques (Aitchison 1996). The use of CH» has proven to be
economically successful at several landfills in the Unites States, including landfills in New Jersey, Rhode
Island, Norm Carolina, Wisconsin, California and Arizona. However landfill size limitations for this use
do exist and most profitable conversion facilities have waste in place of at least one million cubic feet.
A recent introduction to the technology field is the use of microturbines, which are smaller turbine
engines that run on the same principle as the large generators, but require smaller amounts of gas to
produce energy. The microturbines vary in capacity size from 25kW to 250kW, which is considerably
smaller than the standard Caterpillar generator which has capacities that normally start at 650 kW (Lozeau
2002). A smaller microturbine is about the same size as a refrigerator, and can be used to provide both
onsite power needs and power to electric grids (Guzzone 2001). Microturbine technology has emerged
from four different technologies: small gas turbines, auxiliary power units, automotive development gas
turbines and turbochargers. The core of the microturbine is the high speed compressor-turbine section,
which rotates very fast. Microturbines in general offer several advantages: low emissions, low
maintenance, and easy installation, and as such may be the next technology used by landfills faced with
stringent air-quality standards (Guzzone 2001). One use of the microturbine is in conjunction with the
larger CAT generators. Excess gasses produced from burning of gasses in the larger engines can be
pumped into the smaller microturbines, which in turn are able to burn the remaining gas, thus producing no
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waste. These microturbines are also effective for use at smaller landfill operations because they are both
able to burn and lower quality of methane, 35% compared to 45% required of the CAT engines. The
possible economic inhibitor to this technology is that the cost of a microturbine averages $55,000 (Florez
2002).
Another fairly recent technology is the maximization of extraction efficiency through methods
such as installing automated wellheads. This technology uses remote computers to monitor CHt flow and
automatically adjusts for fluctuations within die system to maintain constant flow. This technology is
especially useful for the smaller landfill operations that cannot afford to have two or three wells not
producing consistently in the system (Guzzone 2001).
Consumer cost
Because costs of conversion are usually passed along to customers, landfill owners may be
reluctant to install the systems if higher costs are resisted by the consumer, but with the rising cost of fossil
fuels, this barrier to direct use could be eliminated in the near future. Studies have been conducted
addressing the question of what individuals would be willing to pay for a conversion to "green" power, but
results vary and are often contradictory. Under most circumstances consumers have shown to be reluctant
to absorb higher costs. However, studies havs been conducted on consumer preferences in the U.S. which
revealed an interest in consumers in purchasing electricity from renewable sources, and a general
willingness of consumers to pay an additional premium for green energy (Guzzone 2001, USDOE 2001a).
Separate studies have shown however, that what people say they are willing to pay and what they actually
will put forward in terms of dollars vary greatly (Byrnes, et al. 1995).
In a joint study by the U.S. Department of Energy (DOE) and National Association of Regulatory
Utility Commissioners (1995) asking people in general if they would pay more for the introduction of green
produced energy, overall results showed that when asked, a large percentage of people voiced a
willingness. But when pressed to actually commit to a possible higher energy cost, the average willingness
dropped dramatically and averaged a 4-6% participation level depending on the amount of money that
consumer was willing to commit. This same study however, did find that "green" industries have a high
potential for localized niche industries (Byrnes, et al. 1995), This could show that for landfill produced
energy there may exist localized supportive groups.
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Regulatory Constraints
Methane might not be used because of regulatory constraints. The control and handling of
municipal waste has been regulated for at least thirty years, and various federal regulations have addressed
the production of CHt. Landfill operations are required to collect any gas produced but there are no federal
requirements to use mis collected gas as an energy source. Sabatier and Jenkins-Smith (1999) noted that a
change in the tax law can often have major impacts on policy sub-systems. There is a long history of policy
regulation and change, and tax credits have been implemented and retired. The changes in regulations and
tax laws may have influenced the desire and ability of landfill operators to use CHi as an energy source.
The federal tax code had provided for direct tax credits for the conversion costs to energy use, but these
credits retired in 1998.
There may be other federal or state regulatory incentives that address the issue of landfill gas to
energy costs, thereby making this use of energy more desirable. In the United Kingdom, the passage of the
Non Fossil Fuel Obligation (NFFO) in 1989, which provides long-term guaranteed contracts at premium
prices has proven to boost development of landfill to gas utilization (Aitchison 1996). A similar type of
regulation may prove to be effective in the United States.
Regulatory background
in 1998 the U.S. tax code eliminated a tax credit for alternative fuel use. Just prior to the
expiration of the tax credit there was a rise in the building of methane to gas facilities, but the number of
facility conversions has dropped in the past two years (EPA-LMOP, 2000a, b). The drop in conversions
might be due to the elimination of the tax credit, but there may be other regulatory incentives on the state
level.
Tax Section 29 explanation
In connection with the requirement of collecting and combusting landfill gas, Section 29 of the
U.S. tax code provided for tax credits for gas or synthetic fuel from coal, biomass (e.g. landfill gas)
produced by facilities placed in service before July 1, 1998, and after December 31, 1979. Section 29
provided inflation adjusted income tax credit, equal to $6.10 in 1997, per BTU for the fuel produced and
sold. The credit for sales of gas from facilities placed in service before January 1, 1993 is provided until
January 1, 2003, and for sales of gas from facilities placed in service on or after January 1, 1993, is
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provided until January 1,2008. Because of the "placed in service" date deadline of July 1, 1998, the
Section 29 tax credit is not available for facilities placed in service after June 30, 1998. This meant that
credits that were available to projects for development of landfill to energy expired on July 1, 1998 for any
facility not already providing sales of gas prior to January 1, 1993. Just before the expiration of the tax
credit there was a rise in the building of methane to gas facilities, but the number of facility conversions has
dropped in since the expiration of available tax credits (LMOP 2000b).
Current status
On August 2, 2001 the U.S. House of Representatives passed RR. 4, which provides tax credits
for LFG projects under both Section 45 and Section 29 of the tax code. H.R. 4 incorporates the tax- related
recommendations made in the President's National Energy Policy, in which a Section 29 tax credit for new
landfill to gas projects was recommended. The U.S. Senate was expected to take up this energy bill when it
reconvened in September, but with the events of September 11 taking priority, no action has been taken as
of this writing.
Perceptions About Use
Landfill owners may decide not to use methane for energy because of negative perceptions about
the use of this gas. These perceptions about use can include concerns about smell, general health risk, or
even a lack of knowledge of the possible use of this resource.
• Industry might resist use because of a general perception that the issue does not have an
immediate salience to existing markets.
• Public groups might resist supporting the use because of concerns about the
environmental impacts or possible personal risk in using "trash gas".
• There may be a general lack of public knowledge regarding the possibilities for use of
this resource.
• Environmental considerations
Industry perceptions
Although the feasibility for use is known, people within the industry may be resistant to the
change that use would involve. Industry may believe that there is a general feeling of complacency from
the public over the need for alternative fuels. Most Americans can be classified as "Lite Greens", wherein
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they may recycle, but few are willing to actually change their lifestyles in the name of the environment
(Bosso 2000). Conversion can be expensive and if there is a general perception by industry that there is not
a public backing, this resource may not be exploited. But, this perception of lack of saliency can be
deceptive. Studies have been conducted showing that while the general public will not always list
environmental concerns among their most important issues, when asked direct questions on environmental
issues up to 83 percent will reply that the nation needed to take some additional actions to address
environmental problems (Bosso 2000).
Public resistance and perceptions of risk
In general the public supports green industry. However, in this case we are looking at the
placement of landfills and the associated perceptions connected with trash. People don't want to live near
landfills. They associate them with smell, rodent problems or potential additional risk. "Politicians know
that siting new landfills in their district is tantamount to committing political suicide" (Connett 1994, p
570). But, because it is possible to convert methane on site and send power to the grid, this perception of
fear connected with landfills may not be a factor in the decision to use methane as an energy source. Two
fundamental principles have been formed as guidelines for making social choices and designing policies
(Stokey et al. 1978). The principles basic premises are that 1) The well being of the society as a whole
depends on its individual members, and 2) Trade-offs among individuals are unavoidable. But in reality
the implementation of a particular program may leave some groups worse off than under status quo.
(Kleindorfer et al. 1993). It is one thing to calculate the level of risk to its lowest practicable level, and yet
another to define the risk in terms that are free of perception of possible complications. The
acknowledgment of a level of risk often implies a level of possible change, either positive or negative,
which can be viewed as a threat to an individuals' comfort zone (Kammen et al. 1999). Therefore, many
stakeholders can view an assessment of calculated risk in a negative manner.
The process of assessing risk involves assigning magnitudes and probabilities connected to the
adverse effects of human activities (Suter 1993). While the environmental risks of exposure to landfill
gases are general knowledge, assessing public perception of risk is a difficult matter. Pre-existing mental
models, or paradigms, play a large part in a stakeholder either accepting or rejecting risk assessment. The
dichotomy of philosophical perceptions concerning risk acceptance is often an extreme chasm to bridge.
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While a rationalist will view risk in a linear fashion, believing a problem can be solved via calculation and
cost benefit analysis, a social constructionist will believe there is no absolute calculation to pre-determine
events because any calculation will fail to account for societal values.
From a rationalist point of view, the main question to address is the scientific basis of risk. The
goal is to obtain enough information to determine a factor that can be viewed as an acceptable level of risk.
Thus, the calculated risk factor is determined through quantitative techniques and the rationalist develops
"an answer". However this type of assessment can provide "understanding and insight, but it can never
capture all the factors..." (Glickman et al. 1990 p. 23). What is often overlooked in reaching solutions to
technical problems, is that the element of risk cannot always be quantified, the nuts and bolts of the process
of handling the risk is often not fully understood, and the processes are extremely complex (Glickman et al.
1990). There is a need to inform the public as a whole of the possibility for use of this resource, but the
reality is that many will choose to remain uninformed.
Lack of knowledge
There is a general perception that the more informed and involved the public becomes, the better
environmental management will be. This is not always the case. Some analysists say that decision making
involves professionals controlling the process, with public input being requested when desired (Lackey
1997). These groups of professionals are usually people in a particular trade (the experts) and government
organizations. A trade organization and a federal program have been formed that deal directly with the use
of CHt as an energy source, but the successes of these organizations in conveying their message may not
always be effective.
Trade organization
The loss of tax credits has had a definite impact on the landfill to gas energy industry. The
deletion of the tax credit has in effect removed a monetary incentive to recover and re-use this resource.
As a result of the loss of this tax credit, an opening for the formation of an advocacy coalition formed. An
advocacy coalition can be defined as the "collection of organization and individuals that regularly attempt
to influence policy in a given domain" (Busenberg 2000). Coalitions are formed as a cohesive group which
can include trade and governmental actors. A major goal of an advocacy coalition is to organize support in
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order to influence policy setting through dissemination of information. Historically, advocacy coalitions
have been effective in the environmental and energy setting policy arena (Sabatier et al. 1999).
The Solid Waste Association of North America (SWANA) was originally formed as a trade
association for members of the national community that collect and handle solid waste, but with the loss of
the tax credits, the Association formed a legislative advocacy program. The goal of SWANA's advocacy
program is to represent the interests of the solid waste profession by being a proactive advocate of
environmentally and economically sound solid waste legislation and regulations (SWANA 2000). This
advocacy group has been successful in its efforts to lobby Congress for change, and is currently working
with legislators to implement legislation directed toward development of incentives for the use of landfill
produced gasses.
Environmental concerns
Government Programs - Landfill Methane Outreach Program (LMOP): EPA's division of LMOP
is mandated to educate local governments and communities about the benefits of landfill gas recovery and
help build partnerships between state agencies, industry, energy service providers, and local communities.
The program was formed in 1994, and currently has 222 Allies and Partners that have signed voluntary
agreements to work with EPA to develop landfill to gas (EPA-LMOP 2000b). The LMOP has studied and
catalogued all the major landfill operations that could potentially convert to methane to gas in the United
States, and has assisted in the development of over 120 landfill gas utilization projects, which represents a
significant reduction in the emission of methane. The LMOP provides free information, software tools,
marketing assistance, and access to technical experts to facilitate development of landfill to gas projects
(EPA-LMOP 2000b). However, the LMOP does not provide financial assistance for landfills or industry, to
help convert their operations.
Summary
In this research I have examined the following questions: Is it the presence of these various
barriers that contributes to the lack of use of this energy resource? How are these problems perceived by
industry and are there any government programs that are currently addressing the need for alternative fuel?
CHAPTER THREE
METHODOLOGY
Because of the subjective nature of the question of "why landfill methane gas is not being used
more widely as an alternative fuel in the Southwestern United States", this study used an approach based
on the Case Study Approach (Leedy 2001, Yin 1984). The case study approach is commonly used when
answering "how" or "why" questions that are more explanatory in nature and are used when the focus is
on a contemporary phenomenon within some real life context (Yin 1984). This method uses direct
observation and systematic interviewing, and assumes that the specific cases being analyzed are typical of
the overall community (Kuman 1996). Case study analysis generalizes behaviors to create a framework
for overall analysis. This approach differs from the statistical analysis approach of enumerating
frequencies, or the laboratory method of experimental analysis that controls variables. Case studies are an
empirical inquiry which follow a pre-specified procedure that investigates a question within its real life
setting (Yin 1984).
This research examined six landfill operations with the goal of making comparisons that could be
applicable to the overall landfill population, and is the collective case study approach (Leedy 2001). In
this case the specific landfill operations and interested parties were assumed to be typical of the overall
community of landfill operations. The data were graphed from documentation, observation, and personal
interviews.
Data consists of historical documentation of landfill operational use of CH, and information
received from personal interviews. Data includes information obtained from personal interviews with
people involved in the operation of landfills, as well as other individuals or entities with a stake in the
landfill operations. These interested parties could include representatives from government agencies or
organized local groups.
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The data is organized and separated by landfill operations that use CH) and those that are not
currently using the gas. The analysis of data involves comparing similarities and differences among the
landfill operations.
The way people define problems incorporates their ideas about problem definition and is a
package of ideas that includes causes and consequences (Weiss 1989). Often the way a stakeholder
defines a problem determines the manner in which it is handled. Each landfill operation involves a set of
interviews with each stakeholder having the potential of having varying definitions or attitudes for use..
From this data and graphs, patterns of replication and divergent patterns that point to reasons or
justifications for non-use, are identified.
Selection of Cases
Environmental Protection Agency's Landfill Methane Outreach Program has identified 61
landfills in seven western states that are currently using CH, as an alternative fuel, and an additional 71
have been identified as candidate landfills for landfill to energy conversion. In an effort to provide
relevance in connection with the potential for use of CHt in Clark County, I determined three conditions
for choosing an operation for an interview:
1) Geographic location: Geographic location is identified in terms of proximity to existing
towns with the intent to locate landfills no more than five miles away from city limits. EPA
has suggested that for direct use in of CHj, the landfill operation be no more than five miles
from an industrial area (EPA 1996). Because direct use is one of the options for conversion,
this was included in the determining criteria for each landfill interview, even though other
methods of use, such as conversion to electricity, do not generally require a short proximity
to towns.
2) Climate factors: The climate of Clark County is extremely dry. The area annually receives
approximately 4 inches of precipitation per year (CDC 2002). This study compares landfill
operations that have a climate with similarities to the Clark County landfill. Sites were
chosen that receive no more than 14 inches of precipitation per year as reported by the
Climate Diagnostics Center. In selecting the threshold amount of 14 inches, this amount will
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still fell within the definition of a desert community. Deserts are arid regions, generally
receiving less than 25 centimeters (ten inches) of precipitation a year, or regions where the
potential evaporation rate is twice as great as the precipitation (Enger et al. 1998) Deserts
occur in broad belts of land centered at 30° North or 30° South latitude (Smith 1999b). By
choosing landfill operations that receive low precipitation, the generation rate of methane
should be relatively consistent among the selected landfills.
3) Treatment of solid waste: As described in chapter two, five characteristics determine the
amount and rate of methane production in landfills: quantity of organic material, nutrients,
moisture content, temperature, and pH (EPA 1999b). The type of material placed in landfill
will change the amount of methane produced (Tchobanoglous, 1993, Galle et al. 2001), with
the most critical element for production being the amount of organics and the number of
years the waste has been in the landfill (Block 2000). The landfill operations were selected
for this study that are currently placing waste as it is — without adding degradation materials
or treating waste other than basic "green" separation. Green separation can be defined as
removal of recyclable material, large appliance or household item removal.
Narrow to a sub-set
Following the selection of a subset of sites with similar location and treatment of waste, a
representative sub-set of three users and three non-users were selected for intensive interviews. This sub-
set includes only those landfills with sufficient waste in place for the possible use of generated CHt. The
sub-set includes a landfill with sufficient waste in place to be able to use microturbine technology. The
operators of the landfill operations were then contacted with the express purpose of conducting personal
interviews with an individual responsible for the operation. It was the intent to interview the responsible
parties and, where possible, conduct a site visit.
• Table 3-1 (below) summarizes the landfill operations and fulfillment of general criteria:
Using information received from the EPA's LMOP web site, the following landfill operations that are
currently using CHt for production of energy were contacted for interviews:
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• Miramar Landfill, San Diego, California, This landfill is located within the city of San Diego,
thus satisfying the criteria of geographic location in terms of proximity to existing markets. San
Diego County receives an average of 9 inches of rainfall per year, and is within the desert latitude
zone (CDC 2002). At the time of choosing this landfill, the method of treatment of solid waste was
unknown.
• Salt River Landfill, Phoenix, Arizona. This landfill is located within the city of Phoenix, thus
satisfying the criteria of geographic location in terms of proximity to existing markets. Phoenix
receives an average of 12 inches of rainfall per year, and is within the desert latitude zone (CDC
2002). At the time of choosing this landfill, the method of treatment of solid waste was unknown.
• Chandler Landfill, Chandler, Arizona. This landfill is located within the city of Chandler, thus
satisfying the criteria of geographic location in terms of proximity to existing markets. Like Phoenix,
Chandler receives an average of 12 inches of rainfall per year, and is within the desert latitude zone
(CDC 2002). At the time of choosing this landfill, the method of treatment of solid waste was
unknown.
The following landfill operations were interviewed that are not currently using CHt for energy:
• San Marcos City Landfill, San Marcos, California. This landfill is located within the city of San
Marcos, thus satisfying the criteria of geographic location in terms of proximity to existing markets.
San Marcos is located approximately 30 miles north of San Diego, receives an average of 9 inches of
rainfall per year, and is within the desert latitude zone (CDC 2002). At the time of choosing this
landfill, the method of treatment of solid waste was unknown.
• Iron County Landfill, Cedar City, Utah. This landfill serves Cedar City, Utah, and is located
approximately five miles from the city outskirts, thus satisfying the criteria of geographic location in
terms of proximity to existing markets. Cedar City receives an average of 12-14 inches of rainfall per
year, and is within the desert latitude zone (CDC 2002). At the time of choosing this landfill, the
method of treatment of solid waste was unknown.
• Apex Regional Landfill, Las Vegas, Nevada. This landfill mainly serves Las Vegas, North Las
Vegas, and Henderson, Nevada. As stated previously, one of the goals of this study is provide
relevance in connection with the potential for use of CHi in Clark County, therefore this landfill
operation must be included in the study.
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Table 3-1 Landfill operations and general criteria
Landfill
Miramar Landfill
San Diego California
Salt River Landfill (aka 27th
Street Landfill
Phoenix, Arizona
Chandler Landfill
Chandler, Arizona
San Marcos Landfill
San Marcos, California
Iron County Landfill
Cedar City, Utah
Apex Regional Landfill,
Las Vegas, Nevada
Using CH,
<y/n)
Y
Y
Y
N
N
N
Annual
Precipitation
(inches)
9 inches
12 inches
12 inches
9 inches
12- 14 inches
4 inches
Waste in place
(tons)*
Two phases - 22.21
tons each
10,900,000
1,600,000
11,494,000
44,962
5,211,912
*Source EPA/LMOP
Additional Interviews
One of the main criteria in selecting the landfill operations for study was the initial decision that
given the amount of waste in place, conversion was considered a possibility. Whether this possibility was
a reality depended on each landfill operation situations. As can be the case with any national database,
there is a lag between the gathering and reporting of data. Of the six landfill operations chosen for this
study, the information I received from LMOP was relatively correct. However, when I contacted the
operator of the San Marcos Landfill, I was informed that the landfill is indeed using the methane for
conversion. At that time, I conducted a brief interview to obtain any information as to any delays for
production or problems. Margaret Bezy the Director of Public Works for San Diego County and operator
of the San Marcos Landfill suggested that I contact the owner of the Blythe Sanitary Landfill in Riverside
County, California. This particular landfill operation would also fit my criteria for this case study.
Following a brief research through the LMOP database to verify the criteria, the Blythe Sanitary Landfill
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was added as a seventh landfill operation for this study. This landfill is located within five miles to the
city of Blythe, California, thus satisfying the criteria of geographic location in terms of proximity to
existing markets. Blythe is located in the Mojave Desert, and like Las Vegas receives an average of 4 to
6 inches of rainfall per year, and is within the desert latitude zone (CDC 2002). At the time of choosing
this landfill, the method of treatment of solid waste was unknown (Table 3-2).
Table 3-2 Landfill operations and general criteria
Landfill
Blythe Sanitary
Landfill, Blythe,
California
Using CH»
(y/n)
N
Annual Precipitation
(inches)
4 inches
Waste in place
(tons)*
3,100,000
*Source: Riverside County Waste Mgt. Dept.
Development of Interview Guides
To test the hypotheses stated in Chapter Two, I developed interview questions to address the four
general possible reasons why landfill methane gas is or may not be used in that facility. An interview
guide was developed and used as a template for each of the two categories of users and non-users. An
additional interview guide was developed for landfill operations that are not currently using CFLt that
differentiates between those with plans to use CH4 in the future, and those who don't. Interview guides
were also developed for the Solid Waste Association of North America (SWAN A), EPA's Landfill
Methane Outreach Program (LMOP). For purposes of continuity, these guides were used for each
interview and the questions were read as written. Any additional information or questions is noted and
where applicable added to the overall research interpretation. Individual landfill interview answers in
each category were then combined and assessed a value as to the level of importance given in by landfill
operators in deciding whether to use the methane. To not inject bias, all questions contain the same
weight in assigning levels of importance. The Interview Guides are shown in Appendix A.
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Interviews with landfill operators
For each of the four main hypotheses being tested, specific questions were:
1) Technology: Although the technology for collecting methane is fairly standardized (See Chapter Two),
questions were asked concerning the collection system to determine site specific variations.
• The method of collecting the CH» that is generated. The amount of waste in place as listed by the
EPA, will have determined that the landfill being studied has sufficient quantities to require
collection under EPA's March 1996 regulation.
• Method of treatment of Clii following collection: flaring, conversion to energy, or a combination.
• Consistency and quality of methane. This question is to find out the percentage of CHt being
produced at the landfill. Because gas to energy nominally requires 40% CH( in the gas mix, the
purpose of this question is to determine early in the interview if energy use is practicable given
current technological limitations.
For landfills that are currently not using CHt, but plan to in the future, additional questions were
asked concerning when the landfill plans to begin conversion, and what type of technology is planned for
conversion (direct generation, etc.)
2) Economic restrictions: As part of the selection process, landfill operations that are no further than five
miles from a town were picked for interviews. But a general question for all the landfill operators will be
included to determine the distance of the landfill to existing energy markets. This question is to
determine if the infrastructure is in place to provide energy to the electrical grid.
For landfill operations that are currently using CHt for energy, a question was included
concerning the cost of equipment; this would be a boiler, generator, etc. The operators were be asked if the
company has realized a profit, and if not proprietary, the amount of profit.
If the landfill operation is not using CHi, a question was included asking if the cost of equipment
is prohibitive.
3) Regulatory restrictions: These questions explore the existing regulatory climate in terms of direct
impacts to individual landfill operators. There may be state or local regulations that either benefit the
landfill operation or act as a detriment to conversion. The goal is to determine if there are any state or
32
local requirements that would affect the decision to use or not use CH(. If the landfill has been using CE,
to generate energy before 1998, the interview included questions asking if the availability of the Section
29 tax credits played any part in the decision to use the resource.
Non-users were asked if the possible passage of the pending House and Senate measures, or the
National Energy Security Act of 2001 is expected to play a part in any decision to begin conversion to
energy.
Each person interviewed was asked if the EPA's Landfill Methane Outreach Program was used
or if they plan to use the resources offered through LMOP.
4) Perceptions of use: This set of questions includes asking the individual being interviewed for their
perceptions on the use of CH,. Another intent of this set of questions is to determine from the
interviewees' perception, any direct support or opposition the operation has received from outside parties
concerning energy from CHj. Questions included:
• The type of support or opposition the project has received.
• Landfill operators that are currently not using CHt for conversion to energy were be asked what, if
any, opposition or support has played a part in the decision to use in the future, or to forgo conversion
plans.
• Specific names of groups or individuals 'within the support or opposition groups.
• How much environmental considerations played a part in the decision making process.
Interviews with other interested parties
The Solid Waste Association of North America was contacted for information concerning H.R.
1863, S. 389 (the Republican version) and S. 596 (the Democrat version), and the National Security Act
of 2001. Questions were asked concerning the current status of the legislation. Included in the interview
are questions concerning who sponsored the legislation, who supports and who opposes them. The intent
of these questions is to clarify the major points of the legislation and to outline the differences between the
Democratic and Republican Senate versions proposed.
EPA's Landfill Methane Outreach Program was formed to help join together parties involved in
the conversion process. Although the EPA has an extensive web site dedicated to information concerning
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LMOP's activities, a representative from LMOP was contacted personally for a list of any additional
programs that are available, and general questions concerning who has used LMOP, and why.
Adaptation Studies
Literature was searched in both the technological arena as well as the social sciences area. The
goal of reviewing the technological literature is to ascertain the practical feasibility of using CHt in terms
of its limitations or advantages. The goal of reviewing the social sciences literature is to examine social
and risk perceptions in general. A review of current literature concerning landfills that are currently using
CHt to produce energy was also conducted. This search was to determine that the three conditions for
choosing a particular landfill operation was practical, and that landfill operations under these conditions
have in fact used CHt as an energy source.
Risk assessment and evaluation
The perception of risk is often different from the actual risk itself. Methane is a gas of particular
concern because its radiative-forcing potential is thought to be much greater that that of carbon dioxide
(CO2), but there is considerable uncertainty about the quantitative emissions of CHt from each of its
known sources (Peer et al. 1992). A risk assessment problem was developed in an attempt to calculate the
change in emissions of CHt that could occur with added use of the gas to energy programs. The actual
problem and calculations are presented in their entirety in Appendix B.
CHAPTER FOUR
RESULTS
This chapter describes the six landfill operations in detail, and gives an overview of the San
Marcos landfill. As described in chapter three, data consists of historical documentation of landfill
operational use of methane and information received from personal interviews. Data includes information
obtained from personal interviews with people involved in the operation of landfills, as well as other
individuals or entities with a stake in the landfill operations. A list of people I interviewed, and specific
data for each landfill is provided in Appendix C. Results of the interviews I conducted are presented and
summarized in Tables to show the similarities and differences among the operations (Tables 4-1, and 4-2).
I have first described the three landfill operations that are currently using methane, and prepared a
comparison chart. The next three landfill operations that are not currently using methane for conversion
are then described and also summarized with a comparison chart. For additional perspective, the final
portion of this chapter describes different outlooks of trade industries and the EPA LMOP. To assure
quality control, in all cases the respondents were asked the exact questions shown in Appendix A. During
each interview I was open to any elaboration of an answer that the respondents wanted to follow. This
sometimes led to additional questions beyond the Interview Guide, and helped give me a better
understanding of issues involved with each landfill operation. In most cases the respondents were very
open to being interviewed and expressed a great deal of enthusiasm concerning their projects. I have
attempted to convey this enthusiasm in the reporting of each interview. Following the landfill description,
I have listed the people interviewed and sources used.
Case One: Miramar Landfill, San Diego California
The Miramar Landfill has two phases of operation with 22.31 million tons of waste in place per
phase, making it the largest landfill in San Diego County and one of the largest in California. The landfill
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receives an average of 3550 tons per day (TPD), (1.3 million tons per year (TPY). Each phase generates
approximately 6.124 mmscf7d (millions of standard cubic feet per day) of methane. This methane is used
to generate 19.1 MW of electricity per phase.
The first phase of the landfill was closed in compliance with the federal requirement to install
liners, but gasses are still being collected from this phase. The phase II portion of the landfill is lined.
This landfill operation is scheduled to close in 20! 1.Because the area is so dry, making the rate of
decomposition slow, the landfill is expected to produce methane for at least 30 years.
Background
The land has been leased from the U.S. Navy since 1959. The Navy originally owned the rights
to any gas generated. However, the Navy never extracted any of the gasses that were generated.
Following the new regulations in the 1980's and early 90's the California State Air Pollution Control
District (APCD) became very pro-active and put the operators of the landfill on notice that collection of
gasses was mandatory. By 1995 there was 25 million tons of waste in place, but no collection system for
the gasses had been installed. At this point the APCD set a deadline requiring the landfill to install a
system to collect and burn the gasses. The Navy did not want to be involved with the gas collection, so
the county negotiated with the Navy for rights to the gasses. The county became responsible for the
methane, and determined that San Diego would be the responsible party for any liability.
Because the county as a government entity would not be eligible to collect any Section 29 tax
credit, the county issued a Request for Proposals (RFP) for private agencies to install the collection system
and build a co-generation plant. The county negotiated a contract with a private company that installed
the system.
Technological aspects
The physical setting and volume of landfill material work together to make this an ideal landfill
to gas operation. The landfill has a green diversion program that separates out large household items,
and recyclable materials. There is no special treatment of the waste. Because of the amount of waste in
place, the operators were able to use standardized technology procedures when designing the collection
and generating system.
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Of the three major ways of converting energy, the Miramar operation uses the simplest
conversion method. This project has 270 vertical wells and 8 miles of piping. There are also 10
horizontal wells that are located along benches that have been designed to collect the gasses through
migration (gravitational movement). One of the pipelines diverts gasses for direct use by the county. This
pipeline provides 3 MW of power. The remaining gasses are piped at a rate of 4200 cubic feet per
minute (cfd/m) to a co-generation plant that houses six Caterpillar 3516 generators. Of the overall gasses
produced at this landfill the percentage of methane is approximately 40-43%. This is not considered the
optimal amount, but because of the volume and consistency of supply, it is sufficient to produce energy.
Technologically, flaring will destroy the landfill gas completely. The co-generation plant is approximately
95% efficient in destroying landfill gasses.
Economic considerations
According to Ray Purtee of the refuge disposal division in San Diego, the county's motivation to
use the methane was to save money. The start up cost of this project was $6.4 million, but because of the
size of the landfill and volume of waste in place, projections showed the possibility for a profit. The CAT
3516 generators produce 6.3 MW, of which 4 MW is purchased by the county through its contract, at the
rate of 4.5 cents/kW hour. The county has a 20-year contract to purchase the electricity. This contract
was negotiated in 1997 and at that time it was determined that the county was saving $1 million per year
on power costs. The remaining MW that are produced at the landfill are sold to the grid by the operator at
negotiated prices.
The piping system to the generators is extensive and uses an active collection system. These
systems require constant maintenance, and it is not unusual to have a few pumping stations down and the
same time. However, according to Purtee, because of the size of the operation and amount of gas
generated, this has not been an economic detriment.
Regulatory considerations
Federal: Initially, because of federal and state regulations, the APCD was the driving force in
requiring the landfill operators to either flare or use the gasses. Because a government agency is not able
to collect any federal tax credits, the county contracted out the operation of the generating plant to a
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private company, who was able to use the Section 29 tax credits. The availability of the credits was the
primary motivation for the contractors bidding to bid for the lease rights. As a side note, in contrast to
the county receiving many bids in 1997 to install and run the Miramar property, this year the county's
Arizona Street Landfill operation has not been able to garner interest from contractors to install and run a
generating facility. Because the tax credits are no longer available, the initial cost of installation and start
up are viewed by contractors as too expensive.
The facility did not use the LMOP because the program was in its infancy, and not fully
organized.
State: The county office of public works had to convince the APCD that the technology would
comply with regulated emission requirements. According to Purtee, apparently at the time the APCD
was reluctant to allow the conversion, and this was a fairly new process. APCD was concerned because
the efficiency of generation is lower than flaring (95%) that the facility would not meet regulatory
standards, and required the county to do additional studies to prove that regulatory standards could be
met.
The California Energy Commission gives grants for projects that develop renewable energy
sources. The Miramar project did not receive any of these monies, because the operation was up and
running prior to the development of the grant program.
Local: In the summer of 2001, the city council passed a resolution that created an Energy Czar.
This position is directed to look at renewable forms of energy, but no money has been allotted to the
program. Basically, the program is too new to evaluate in terms of usefulness.
Attitudes
Opposition: Initially, the Sierra Club wrote a letter expressing concern over the conversion of the
gasses. The Sierra Club opposed both the flaring and conversion of the landfill gasses, and expressed
concern over the quantity of criteria pollutants mat may be released. The county sent a letter to the Sierra
Club stating that because of federal and state regulations, the APCD required that the gas be dealt with
one way or another. The city explained to the Sierra Club that the quantity of criteria pollutants released
would be lower than maximum allowable standards. Once the operation was explained to the Sierra Club,
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the organization dropped its opposition. I made several attempts to contact the Sierra Club to determine
if it had a policy on the use of methane. I received several names, but each person that was contacted was
not aware of any policy on this (Appendix C). Because the landfill is situated right next to the Miramar
Air Force Base, there wasn't any local opposition to the extraction.
Support: After the project was constructed and under operation, the city received a Golden
Watch Dog award from the local taxpayers group for saving the taxpayers $6.3 million. The city received
this award because the co-generation facility was built using private funds, and not publicly funded.
Until de-regulation, most sites were considered too small to use. Extraction of methane was not
worth the money to set up the process because the initial costs are so high. But because of the rise in
costs, it might become more cost effective. Also, there is a new smaller turbine being marketed that can
process 60 cf/min of methane, that is opposed to the usual 600 cf/min. But because it is new technology,
it might take a while before it is used widely.
Environmental considerations: Purtee said that he considered the environmental aspects of using
methane important, but when the decision to install the conversion facility was mainly based on the
amount of expected monetary return.
Purtee stated "if we had not had the co-generation plant built, the gasses would have been flared
into the atmosphere. The APCD did not give us an option - the gas had to be dealt with one way or
another. The environmental benefit was to provide energy, however the decision was more economic
than environmentally driven".
Case Two - Salt River Landfill - Tri Cities Landfill, Phoenix, Arizona
The Salt River landfill, and adjacent Tri-Cities landfill has 11.9 million tons of waste in place.
This landfill operation is 200 acres in area, and receives approximately 2200 tons/day of material and has
a 2MW production capacity. The landfill serves Mesa, Scottsdale and the city of Gilbert, as well as
various commercial companies, the Pima-Maricopa Indian Community (reservation at Scottsdale) and the
Ft. McDowell tribe. The gas rights have been contracted out to a private company.
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Background
The land that the Salt River landfill sits on is owned by the Pima-Maricopa Indian Community,
and as such, is considered governmental property. The Salt River landfill opened in 1993 following the
closure of the adjacent Tri-Cities landfill, which was closed in 1995 because of new regulatory
requirements. The planned landfill life was originally 10 years, but with new technology (compression of
fill material and extraction of gasses) it is now expected that the landfill will be accepting material until
2008.
Technological considerations
The tribe began considering using methane as an energy source when it found leakage from the
closed Tri-City landfill. At that time, they constructed a piping system on both the Tri-City and Salt River
landfill areas. The physical setting of the site and volume of landfill material work together to make this
an ideal landfill-to-gas operation. Similar to the Miramar Landfill, the Salt River landfill has a green
diversion program and separates out large household items, and recyclable materials. There is no special
treatment of the waste. Because of the amount of waste in place, the operators were able to use
standardized technology when designing the collection and generating system.
Like Miramar, the Salt River operation uses the simplest conversion method. The landfill uses
the standard horizontal well system with a separation system to remove condensation. The gas is piped
directly to a generating system at the Tri-City closed landfill. The co-generation plant uses five CAT
3526 generators, of which two are dedicated to a direct methane flaring system used to meet air
regulations. The remaining three burn methane to produce electricity.
Additionally, the tribe has installed a solar/landfill gas SunDish. This is an experimental
program and is producing 23-24 kW so far. The technological advantage of this is that emissions from
this system are classified as ultra low vehicle (ULV) and meet even California emission standards, which
are stricter than both federal and Arizona emission standards. This is the same SunDish system that was
installed at UNLV in August 2001.
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Economic considerations
The gas rights were leased to a private company, which paid for the installation of the collection
and generating system. The generating plant itself uses one-half of the energy produced to run the plant,
but this ratio is expected to be lower as more material is received and higher levels of methane is produced
at the landfill. The remaining energy is sold to the grid at various negotiated prices. Arizona de-
regulated energy companies four years ago, but hi de-regulating, it did not require the energy companies
to sell their generating plants. This means that the landfill generating plant and its associated costs are
still under the control of the energy company. The Salt River Project (SRP) (the local energy company) is
marketing green power to customers. The idea is to get customers to agree to a somewhat larger power
cost, but to use "green" or renewable energy sources. The general feeling is that as the cost of non-
renewable resources rises, the cost of renewables in comparison will reach equilibrium.
Regulatory considerations
Federal: According to Richard Allen, the site environmental engineer and manager, the original
incentive to install a conversion generating system was to take advantage of the Section 29 tax credits.
The project timing fell under the time guidelines, but because the tribe is under federal government
jurisdiction, they were not able to use the credits. Because of the private party requirement, the right to
the methane was contracted out to a company that paid for and built the collection and processing system.
Allen said that the SRP is watching legislation closely to take advantage of any possible tax advantages
that are currently being proposed at the federal level.
State: The state of Arizona requires 3% of energy sources to be from renewable sources, of
which one-half must be solar. This means that at last 1.5% of energy sources must be renewable and
produced from something other than solar power. According to Allen at the Salt River Landfill, the next
cheapest energy source is methane from landfills. Also, SRP is looking to acquire air credits for lowering
of emissions through the use of methane.
Local: There were no local regulations or regulatory considerations.
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Attitudes
Opposition: The local community is the tribe. The only controversy over the use was who would
receive the revenue. Some felt that income should go directly to each member, and some thought it
should go to the tribe as a whole, to improve infrastructure, and therefore living standards, on the
reservation. An agreement was reached to direct one-half of the revenue to the tribe and one-half to the
individual members.
Support: The tribal members in general supported the project. No other local community
members expressed an opinion.
Environmental considerations: According to Allen the community (tribe) wanted to use the
methane. Although economic decisions were the deciding factor, as an environmentally ethical decision,
the tribal leaders as a whole felt that environmental considerations were definitely a part of the overall
decision process. The tribe members felt it was the right thing to do.
Case Three: Chandler Landfill, Chandler, Arizona
Chandler landfill receives an average of 275 tons per day on weekdays and slightly less on
weekends. The landfill covers 66 total acres, 10 of which are used as buffer. There is 1.6 million tons of
waste in place. The landfill gas generation has a 1.6 MW capacity. The landfill is within the city limits,
and is surrounded by new housing developments, or developments under construction.
Background
This is a small property relative to the two previous landfill operations. The entire site has been
opened since 1981, and will remain in operation for are five more years. The majority of the methane
produced is from the closed portion of the landfill. At the time of the interview the operation was not yet
converting the methane, but the system was installed and the landfill was in the process of start up of the
equipment. At the time of the interview, the operator expected to be fully operating by October 2001.
Technological considerations
Because this landfill is small, the three main technologies for conversion described in Chapter
Two would not work for this site. The amount energy required to run a large CAT generator would make
this impossible for a landfill of this size, because it would take all the methane produced on site to simply
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run the generators, and no additional energy would be produced. Gerry Backhaus, the superintendent of
public works for Chandler, spent several years looking for alternative ways to technologically adapt to be
able to use the methane for conversion. The city finally partnered with LFG&E to install and test a new
computer monitoring system. The major technological difference with this operation is the use of
computers at the collection sites to monitor the well system. This is the only system in the U.S. to use
Remote Telemetry Unites (RTU), which is a computerized monitoring of the wells system. The computer
monitoring system is able to adjust gas input into the generators at a constant rate, and can be
programmed and maintained from a remote location. This eliminates the need for constant vigilance of
maintenance of on-site wells as described in the Miramar operation. Also, the co-generation plant uses
two 150 kW generators, which is small in relation to the larger CAT 3516 engine.
Economic considerations
The use of the smaller generators helps make it profitable for this operation to produce energy.
However, according to Backhaus, the installation of the computer network was the deciding economic
factor. The computer system eliminates the need for constant manpower to physically inspect and
maintain the wells on a daily basis, and is estimated to save $3 million in labor costs. The system cost
$400,000 to purchase and install. The city expects to realize an annual income of $139,000, which could
go up or down, based on market prices. Based on those figures, the system would pay for itself in 16
months, however it will be amortized over 40 years. Also, the company that installed the computers
(LFG&E) is using this as a pilot program. If the system does not work as planned within an 18-month
tryout time, LFG&E will remove the system, and there will be no charge to Chandler, and the methane
will not be used for conversion to energy.
Regulatory considerations
Federal: Because this operation is just beginning to convert, it has not been able to realize any
energy tax credits. Also, the site is run and maintained by the city, so if there were any federal tax credits
the landfill operation would not be eligible.
State: The landfill falls under the same state considerations as the Salt River Landfill for the
requirement of alternative energy source use.
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Local: There were no local regulatory incentives within the city of Chandler.
Attitudes
Opposition: According to Backhaus, the public works director in the city of Chandler was
opposed to the idea of using untried technology. He had the operators of the landfill provide several worse
case scenarios to the city council. This person is no longer on the council, and did not garner any support
for his opposition. Mr. Backhaus declined to provide this person's name, therefore I was unable to get
any verifying information on this opposition.
The city expects to receive opposition to the landfill in general because through urban
encroachment, this landfill is no longer on the outskirts of Chandler. The end use plan for this site is a
park, but that is in five years. The city plans to develop a public awareness program.
Another problem was reaching a legal agreement between Chandler and the power company
(SRP). It seems the lawyers for both sides approached the deal from an adversarial point.
Support: The two main proponents for this project were the operator of the landfill and a
member of the city council. The member of the council who supported this program actively campaigned
for its construction. Again, Backhaus would not name the member of the city council, so I was not able to
conduct interview to verify this information. Backhaus spent several years searching for a company that
had the technology available for conversion on such a small property.
Environmental considerations: Mr. Backhaus said that he had a philosophical need to not waste
the gas that would otherwise be flared off. Because of his position within the city as the public works
superintendent, he was able to use his influence to get the project through. Backhaus said he felt that he
could justify to the city to take a small economic risk, if a profit could be shown in the long term. He
used the resources from LMOP to help find a willing partner in this endeavor.
San Marcos Landfill, San Marcos, California
As explained earlier, this operation was originally chosen as an operation that does not use
methane for energy conversion. When I was told that the San Marcos Landfill was indeed using the
methane, I conducted a shortened interview with the operator. I asked general questions on landfill
operations in San Diego County.
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Technological/economic considerations
Generally, landfill operations that are not converting to energy are considered too small, which
would make the conversion technologically and economically unfeasible.
Regulatory considerations
There are no current federal regulatory incentives to convert methane. The state Energy
Commission does provide grant money to city run operations.
Attitudes
According to Margaret Bezy, the public works program coordinator for San Diego County, the
people in southern California are generally aware of the possibility to convert methane to energy, and
overall supportive of alternative energy use. The largest inhibitor for using this technology for the county
is the cost. Tax dollars are generally used, and the dollars must be justified. The use of microturbines is
very new, so there isn't much to compare them with.
The following table lists the similarities and differences among these three landfill operations
that are currently using methane for conversion.
Table 4-1 Recurring themes for users of methane
Themes
Used existing
technology
Tried new
technology
Driving Economic
Factors
Regulatory
incentives
Attitudes
Landfill operation
Miramar Landfill
yes
no
mainly
Used Sec. 29
Not drivingjbrce
Salt River Landfill
yes
yes
somewhat
Used Sec. 29 & AZ state
requirements for
renewables
somewhat
Chandler Landfill
no
yes
somewhat
No Sec. 29. UsedAZ
state requirement for
renewables
yes
Studies of the following three landfill operations that are not currently using methane present the
hypothesis testing in the same manner as the proceeding information. The format of questions remained
the same, but because the landfill operations are not currently using methane, questions were asked
concerning whether the resource is planned for use.
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Case Four: Iron County Armstrong Pit Landfill, Cedar City, Utah
Background
This landfill opened in 1993 and is expected to accept waste until 2014. It is owned and operated
by the Iron County Department of Public Works, and is listed by LMOP as a candidate for direct use of
methane. The landfill has 45,000 tons of waste in place. The megawatt capacity is unknown.
Technological considerations
The landfill was constructed in accordance with federal requirements with a liner, however there
is no collection system. According to Alan Wade, the manager of the landfill, the site does not produce
enough gasses to require the installation of a collection system. Areas of the landfill are tested on a
periodic basis with a lysimeter for excess moisture and gasses, but to date there have been no gasses at all
detected on the site. The town's largest commercial customer for depositing waste has been a wood
processing plant. Until 2000, the landfill received material from the plant in the form of sawdust and dry
wood, which absorbs any liquid on the site. The landfill material is also covered each day by a layer of the
local soil, which is high in clays. The combination of these two materials essentially makes the landfill a
dry treated operation. The wood plant has closed in the last year and the Wade expects some moisture to
start to accumulate, thus producing methane, and other landfill related gasses.
Economic considerations
Because the landfill does not currently have a collection system, the economic considerations of
installation would be a factor if the landfill were to produce gasses. There is sufficient waste in place for
the production of gasses.
Regulatory considerations
The landfill is in compliance with federal waste management and air quality requirements. If the
landfill starts to produce any gasses, a detection system will be installed. At that time, Wade plans to
explore any regulatory incentives that may be in place. Due to the nature of the waste in place, this is not
expected to occur within the next five years.
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Attitudes
Wade made it clear that the waste being collected is expected to change in light of the wood
processing plant closing. However, with the clay constituency of the local soil, production of methane is
problematic. He plans on approaching the local board within the next five years, when the landfill closes,
to get approval to install a bioreactor at the landfill. He said that on a personal level, it bothers him that
the waste is "just sitting there doing nothing". Given the current members of the board, he expects to get
approval for this installation. According to Wade, his goal is to use the methane, because "it is the right
thing to do".
Case Five: Blythe Sanitary Landfill, Blythe, California
Background
The landfill is located in Riverside County, California. The facility opened in 1997, and there is
3.1 million tons of waste in place. The landfill is scheduled to be closed in 2086, and there are no current
plans to use the methane for energy. The landfill gas generation has a 0.45 MW capacity.
Technical considerations
There is no collection system in place because the landfill does not produce enough methane.
Also, the landfill is not in a non-attainment area concerning air quality emission standards, so collection
and flaring is not required. As with the other landfill operations in California, there is a regulatory
requirement to remove recyclable materials. The landfill covers a large area of land (specifics were not
available as to the acreage), and the material is shallow in depth. The facility does have a blower setup
with a candlestick flare, but the combination of shallow depth and arid area results in a low percentage of
methane production (3-8%), so the candlestick is rarely used.
Economic considerations
Because the landfill does not currently have a collection system, the economic considerations of
installation would be a factor if the landfill were to produce gasses. There is sufficient waste in place for
the production of gasses, but the large area of the landfill inhibits production.
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Regulatory considerations
Federal: According to Hans Kernkamp, the principal engineer of the Riverside waste
management department, if the National Energy Security Act of 2001 passes, which includes tax credits
for methane conversion, the county will begin a study to determine if conversion is viable. Although the
county cannot use the credits, they will conduct this study to determine if private developers would be able
to extract sufficient quantities of methane from the landfill. This would probably happen in several years
because of the nature of the landfills layout described above. According to Kernkamp, one of the problems
with using this resource is that the county would have to lease out the gas rights in order to utilize any tax
credits, and this means that the bottom line (dollar) would be the main consideration for conversion.
State: As stated above, the California Energy Commission allows for grant monies, but this
operation has not been able to apply for their use. The state also has a requirement for landfill operations
to reduce their intake by a certain percentage on a yearly basis. This goal is to be reached through
accelerated recycling efforts, and the state will impose fines if this goal is not met. The specific problem
with this landfill is that to produce sufficient quantities of methane, moisture would have to be added.
The operator would like to have the option to add sludge to the landfill. This would enhance the
production of methane. However, under current regulations, the landfill cannot add this without having
the sludge tonnage added to the total reportable intake for the landfill, which could trigger a fine from the
state.
Attitudes
Support/opposition: If the county decides to use the methane for energy, they expect to receive
local support, although no studies have been conducted to verify this.
Environmental considerations: Kernkamp said he considered this question important, although
he made the observation that if the conversion is not economical, he didn't expect to see environmental
considerations to override. However, the county makes it policy to look at different options with
environmental benefits, even if the projects are marginal.
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Case Six: Apex Regional Landfill, Las Vegas, Nevada
Background:
The landfill is located in Clark County, Nevada and serves the communities of Las Vegas, North
Las Vegas and Henderson. The facility opened in 1993, and is scheduled to close in 2093. When this
study was started in 1999, the facility was producing approximately 500 ftYminute methane, but as of
February 2002, Apex production of methane was 1000 frVminute, which makes it a candidate for energy
use. There is 6 million tons of waste in place. The megawatt capacity is unknown. The facility is run by
Republic Services of Southern Nevada (RSS), a non-governmental company.
Technical considerations
The gas is collected through a standard collection piping system. Currently the excess gas is
being flared, but a contract has been signed with a private company for the gas rights. This company
(proprietary) is expected to begin conversion in September 2002. The quality of methane is 55-60%.
Economic considerations
The company that has been awarded the lease of the gas rights has the figures on expected
income from this conversion project. Alan Gaddy, the general manager of Republic Services said he
expects the facility to produce approximately 20 MW in the first phase of operation. According to Gaddy,
this facility has been considering conversion for several years, but the cost has been prohibitive because
the landfill was not producing enough methane.
Regulatory considerations:
Federal: This property will be put online for energy use. If the National Energy Security Act is
passed, the leasing company will most likely apply for credit, however because the Act has not passed, it
was not a consideration for this project.
State: On June 8, 2001 the State of Nevada passed Senate Bill 372, to revise NRS 703.380,
which requires the electric utilities to obtain 5 percent of their power from so-called renewable resources
by 2003, increasing to 15% by 2013 (NRS 2001). Gaddy implied that the bill does not specifically state
that landfill produced methane gas is included, but in reading the bill as passed, it does include municipal
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waste in its definition of biomass and sets up a special fund to defray costs. It is unknown if the
contractor will apply for these credits, and the name of the contractor is proprietary.
Attitudes
Support/Opposition: Gaddy stated that the operation at Apex has not received input in any
manner from the public. He said he expects that once the public is made aware of the lease for energy,
that there will be support. Because this is currently preparatory, he was not able to discuss any studies.
Environmental considerations: At this point Gaddy described what he felt the optimal situation
for use as a type of circle with each factor within the circle driving the other, and that these three factors
must be present to successfully convert methane gas: The economics must be right, there must be a
derived benefit, and the equipment must be the correct type for that particular landfill operation. Gaddy
said that the driving factor for RSS has always been the economic factor. As far as the environmental
legislation, they were already required to collect and flare.
The following table lists the similarities and differences among these four landfill operations that
are not currently using methane for conversion.
Table 4-2 Recurring Themes for Non-users of Methane
Themes
Used existing
technology
Tried new
technology
Driving Economic
Factors
Regulatory
incentives
Attitudinal
incentives
Landfill operation
Iron County Landfill
No
Would like to
No
Plans to explore options
Yes - especially env.
Blythe Sanitary LF
No
No
somewhat
If new regs pass, will
explore options
No
Apex Regional LF
Yes
No
For profit - yes
May be eligible for new
state monies
No
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Interviews with Other Interested Parties
Solid Waste Association of America (SWANA)
Technological considerations: SWANA has a trade magazine MSWManagement that regularly
publishes articles on technological innovations in the landfill to gas industry. Although not all of the
articles are peer reviewed many of these technical articles are thoroughly researched and peer reviewed.
Economic considerations: Because SWANA is a trade organization dedicated to the solid waste
professional, economic considerations in terms of this study are not applicable.
Regulatory considerations: SWANA has a legislative advocacy program dedicated to promoting
the passage of legislation that helps the solid waste industry. Members in the program are currently
lobbying for passage of several pieces of legislation that will give tax or other credits for the use of
alternative energy sources. Overall SWANA supports all pieces of legislation currently proposed. They
work to inform legislators of the issues. As described by a representative from SWANA, one of the major
problems with the current proposed legislation is that the proposals are all bundled together, and are
associated with the drilling in ANWR debate. This could effectively kill all other portions of the
legislation. SWANA has worked closely with EPA's LMOP organization to help join interested industry
members together on landfill to gas conversion operations.
Attitudes and environmental considerations: SWANA advocates landfill to energy programs.
Environmental Protection Agency Landfill Methane Outreach Program (LMOP)
Technological considerations: LMOP helps by providing information to landfill operators, to help
them make an informed decision as to whether conversion is technologically and economically possible.
Economic considerations: According to Brian Guzzone at LMOP, several large U.S. companies,
such as GM, Chrysler, and Ford, are using landfill gas-to-energy in order to promote a "green" image.
These companies have facilities that are located close to large landfill operations and are able to exploit
the direct use option for landfill gas. In addition to promoting the green image, this direct use reduces the
cost of buying energy from outside sources.
Regulatory considerations: LMOP's directive is to bring together interested parties to help
facilitate landfill to gas operations. However, LMOP cannot openly lobby for any legislation, because it is
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a government agency. As such the agency always approaches projects and their feasibility under the idea
of what is currently possible. But according to Guzzone, if any new tax credits become available, LMOP
will promote them. Although LMOP is not able to promote any legislation, the organization as a whole
approaches its regulatory directives in two ways. 1) In states that have passed deregulation, LMOP works
with industry in terms of "green power". This is to say that use of renewable power can sometimes cost
more, but the environmental payoff is the end result. 2) In many states that have de-regulated power,
there has been a large rise in the cost of traditional power sources. In these cases, green power is actually
cheaper to use, and LMOP uses the term "green pricing" in these cases. Either way, the regulatory
climate of each state can be addressed by the program.
Attitudes: Initially many people in industry were opposed to LMOP. According to Brian
Guzzone at the LMOP, much of the opposition was a misunderstanding about the program directives and
LMOP was associated in a negative light with the regulatory end of EPA. LMOP is not a part of the
regulatory end of the EPA.
LMOP has received opposition from the National Recycling Coalition (NRC). On its web-site the
coalition lists its national landfill policies in general: "The cost-effectiveness of recycling is directly linked
to the cost of disposal options such as landfilling. When landfilling is given economic and policy
preferences, it hurts recycling. To prevent, and when possible to correct, any unfair advantage that
landfilling may have over recycling, the NRC is working on several national policy issues: bioreactor
landfills, landfill gas programs and tax-exempt bond financing. NRC has also submitted comments to the
U.S. EPA regarding potential changes to the Subtitle D landfill regulations that could help recycling"
(NRC2002).
Environmental considerations: LMOP's function specifically to landfill gas promotes collection
and control of emissions. Its philosophy is that by promoting energy use of methane uncontrolled releases
of gas are eliminated. Additionally, this helps destroy VOC's as a co-benefit.
CHAPTER FIVE
ANALYSIS
Yin (1984) suggests that for explanatory case study analysis, one of the most desirable strategies is
to use a pattern matching logic. In pattern matching the observer connects information received from cases
(in this study, the six landfills) that appear similar or show a pattern. This patterning is then used to help
determine how closely they match. In this study, I combined the questions within the four major areas of
technological feasibility or inhibitors, economic considerations, regulatory issues and desire to use. Within
these four major areas, I had a series of questions that represent variables within the major categories.
According to Yin, pattern-matching is relevant in explanatory studies, as long as the predicted pattern of
specific variables is defined prior to data collection. In Chapter Two, I discussed four possible barriers that
may exist. Within those four barriers I suggested possibilities that may help or hinder the process. In the
preceding chapter I described the individual landfill operations and categorized them by users or non-users
of methane. In this chapter, I compare all of the operations with each other to attempt to find any overall
patterns of behavior that may indicate correlations.
One approach to successful case study analysis is to make the data conducive to statistical analysis
through various techniques, such as coding or developing a matrix of categories (Yin 1984). Individual
landfill interview answers in each category were combined and assessed a value as to the level of
importance given in by landfill operators in deciding whether to use the methane. To keep from imposing
my own bias, all questions were weighted equally in assigning levels of importance. For each criterion in
each four barriers suggested, I have assigned ratings ranging from -1 to 1 to represent the degree to which
that criterion influenced the landfill operator's decision to use or not use methane for energy production. A
rating of=1 indicates the factor influenced the decision maker positively, that is, made the decision maker
was most likely to decide to use methane for energy. A factor of 0 indicates the factor had no influence on
the decision. A rating of—1 indicates the factor influenced the decision maker negatively, that is, made the
decision maker more likely to decide against using methane for energy. The information 1 received from
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interviews is categorized by the four areas being studied, along with discussion of the results within the
context of each the barrier (Tables 5-1 to 5-4). I then added the ratings for each factor in the categories of
individual questions to arrive at an overall sum of ratings. I then graphed the total scores of each landfill
for each hypothetical barrier from me matrices in chapter four, to illustrate behavior for each tested
hypothesis (Figures 5-1, 5-2). For Tables 5-1, 5-2, and 5-3,1 used a combination of information from
research, company reports, and individual interviews. Table 5-4 represents perceptions about use and the
information on this table is from personal interviews only.
Technology
This category evaluates the level of technological feasibility for each landfill operation. I
compared data from each landfill concerning the technological feasibility of installing a methane to energy
program. Four criteria were examined when deciding if it was possible to install a program:
• Efficiency of gas collection
• Amount of gas produced and the ability to measure the quantities
• Consistency of the methane produced
• Sufficient moisture in the deposited material (waste in place).
Each of the operations was rated on their ability to collect gas efficiently. This ability to collect
includes: a collection system in place, the percentage of methane collected in relation to the percentage sent
to a conversion generator and the presence of sufficient moisture to facilitate gas generation.
It is necessary to have the minimum amount of methane generated at a quality sufficient to convert
to energy. Each operation was rated on this ability to generate, or lack of generation of methane. Without
the minimum amount of methane generated, there is no requirement to install a collection system.
As described earlier, the percentage of methane produced can vary widely in different landfill
operations. One landfill may have sufficient waste in place and produce methane, but the percentage of
methane may not be sufficient to install a conversion facility. This percentage ideally should be over 40%.
A landfill may have sufficient amount of waste in place as described by the EPA as a minimum of
45,000 tons, but the waste material could be too dry to facilitate the production of gasses. Therefore,
because it is necessary to have sufficient moisture content within the landfill material to produce methane,
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each operation was rated in terms of the moisture content of the waste in place. Table 5-1 illustrates the
answers I received from the interviews involving individual landfill operations.
Table 5-1 Technological Feasibility to Produce or Use Methane
Landfill
Miramar
Salt
River
Chandler
Iron
County
Blythe
Apex
Technological Factor
Efficiency of gas
collection
Somewhat, but
the size of the
operation allows
for loss
Rating: .5
Somewhat, but
the size of the
operation allows
for loss
Rating: .5
Probably the
most efficient in
collection
through constant
computer
monitoring
Rating: 1
No collection
system
Rating: 0
No collection
system
Rating: 0
Collection
system was
installed at the
beginning of this
landfill project
Rating: .5
Amount of Gas
produced and ability
to measure the
quantities
Yes
Rating: 1
Yes
Rating: 1
Computer system
constantly monitors,
and adjusts for any fall
in a particular area
production
Rating: 1
Does not produce
measurable amounts
ofCH4
Rating: 0
Does not produce
measurable amount of
CH4
Rating: 0
This was originally the
main barrier for use,
but sufficient waste is
in place as of March
2002
Rating: .5
Consistency of
theCH4
produced
Varied, but the
consistency is
constantly
monitored
Rating: .8
Varied, but the
consistency is
constantly
monitored
Rating: .8
Could be a
problem
without
computer
Rating: .5
No
Rating: 0
No
Rating: 0
The consistency
is at levels (40-
50%) for
effective use
Rating: 1
Sufficient
moisture in
the deposited
material
Varies
Rating: .5
Varies
Rating: .5
Varies
Rating: .5
No
Rating: 0
One of the
main barriers
to producing
enough for use
Rating: 0
Yes
Rating: .5
Sum
of
Rating
2.8
2.8
3
0
0
2.5
Table 5-1 illustrates that the three landfill operations that are using methane have relatively
efficient collection systems, produce sufficient methane, have relatively good consistency and moderate
amount of moisture in the material deposited.
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Of the three landfill operations that are not using methane, two either have no collection system in
place, do not produce sufficient amounts of methane, or do not have enough moisture in the deposited
material to facilitate methane production. The Apex landfill shows an anomaly because when I started this
study there was not sufficient waste in place, but by the end of this three year study, there is sufficient
waste in place
Economic Considerations
This category summarizes the level of economic barriers or incentives for each landfill operation.
I compared data from each landfill concerning the technological feasibility of installing a methane to
energy program. Two criteria were examined when deciding if it was possible to install a program. The
operations were rated based on actual (in me case of landfills that are converting) or perceived (in the case
of landfills that have not installed a system) cost of installing and running a landfill-to-gas operations.
Operators were asked if they had received any opposition to the cost of initial installation being passed onto
the consumer via higher power bills, or a special tax.
Table 5-2 illustrates mat the three landfill operations that are using methane to produce energy
were able to either contract out the construction of the conversion facility and the associated costs, or
justify the expenditure through long term accounting procedures. All three realized a cost savings to the
consumer.
Of the three landfill operations that are not currently converting to energy, both Iron County and
Blythe consider the cost to install this system prohibitive because there is not a collection facility currently
in place. Again me Apex landfill shows an anomaly and has contracted out the construction cost. Because
the facility is not yet producing energy the information on the cost to the operator was proprietary.
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Table 5-2 Economic Factors Influencing a Landfills Decision to Use Methane
Landfill
Miramar
Salt River
Chandler
Iron County
Blythe
Apex
Cost to operator for
conversion
Start up cost was $6 million,
however through studies the
County was able to show that
a profit would be realized
within ten years.
Rating: 1
The landfill was required to
install a collection system by
regulations. Decided at that
time to install gas to energy
facility.
Rating: 1
The City runs the facility.
They were able to use long
term planning in the process to
justify the cost.
Rating: 1
There is no collection system
installed at this facility.
Would be part of the equation
if CH» production rises.
Rating: 0
Cost may be too high given
the large area the landfill
covers, and amount of CH4
produced
Rating: .5
The cost of the conversion has
been contracted out and was
calculated in the deal.
Rating: .5
Consumer willingness to pay
additional cost for energy
This project has been shown to save
the consumers at least $1 million per
year, through savings of energy costs
to the County.
Rating: 1
This operation uses '/a of its energy
produced to run the generators the
balance is sold on the grid. The local
power company has an active ad
campaign to market green power.
Rating: 1
The city was able to show a cost
saving to consumers.
Rating: 1
Unknown
Rating: 0
Unknown
Rating: 0
Energy costs to consumer are not
expected to change.
Rating: 0
Sum
of
Raring
2
2
2
0
.5
.5
Regulatory Considerations
This category summarizes the role regulatory incentives or dis-incentives play in the decision to
use methane for energy. I compared data from each landfill concerning federal, state and local regulatory
requirements. Federal requirements included the use of any tax credits and compliance with landfill air
emission requirements. State requirements included any existing regulations that affected the use of
methane, as well as state emission requirements. State requirements also included recycling regulations
and the requirement for use of renewable energy sources. Although none of the landfills in this study had
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any local regulations that would affect methane use, this category was included because it was part of the
proposed hypothesis.
Table 5-3 Regulatory Factors Influencing a Landfills Decision to Use
Landfill
Miramar
Salt River
Chandler
Iron
County
Blythe
Apex
Federal
This operation used the
Section 29 tax credits
Rating: 1
Used the Section 29 tax
credits
Rating: 1
None
Rating: 0
The operator would like to
be allowed to begin
bioreactor operations. May
be in conflict with EPA
regulations concerning
landfills.
Rating: -.5
None
Rating: 0
Required to collect and
flare. There are no current
federal regulatory
incentives
Rating: 1
State
None at the time of
construction
Rating: 0
Met Arizona state
requirements to increase use
of renewable energy
Rating: 1
Met Arizona state
requirements to increase use
of renewable energy
Rating: 1
None
Rating: 0
May be eligible for state
grants. Would like to be
able to add sludge to help
produce CH4, but that
would raise the total of the
amount of material received
at the landfill — conflicting
regulatory requirements.
Rating: -.5
May be eligible for monies
set aside under SB 372
Rating: 1
Local
None at the
time of
construction
Rating: 0
None
Rating: 0
None
Rating: 0
None
Rating: 0
None
Rating: 0
None
Rating: 0
Sum of
Rating
1
2
1
-.5
-.5
2
Table 5-3 illustrates that of the three landfill operations using methane to produce energy, two
were able to use the Section 29 tax credits. Also the two landfill operations in Arizona are able to meet
state requirements of producing energy from renewable sources other than solar.
Of the three operations that are not producing energy, if Iron County started using a bioreactor, the
operation could be out of compliance with federal regulations. If the Blythe landfill could introduce sludge
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to the waste material, it would trigger an out of compliance action with the states requirement to reduce
overall weight of material accepted in the landfill. The Apex landfill was already required by the EPA air
quality rules to collect and flare me gas, and the project may be eligible for state monies because it is a
privately run operation.
Desire to Use
This category summarizes the level of desire of individual landfill operators to use methane for
energy. I compared data from personal interviews representing each landfill concerning individual
perceptions on the reason to use, or not to use methane. Four criterion were questioned when deciding if it
was possible to install a program. I first asked operators to describe the level of desire to use methane, and
state any reasons why. Second I asked each operator to describe to me their desire to use methane for
energy based on environmental concerns, and to what degree did (or would) environmental concerns play a
part in the overall decision to use methane. Third I asked if there was any organized opposition. Fourth, I
asked the operator to rate their perception of public knowledge as a whole, and if there were any local
public outreach programs.
Table 5-4 illustrates that the desire to use among all of the operators either is or would be a
consideration in deciding to use methane to produce energy. This table also shows that the environmental
concerns are or would be, factor in the owners decision to use methane to produce energy.
All three of the operations that are currently converting methane had some public opposition, but
all of the operators were able to successfully address these concerns. Also, of the three landfills that are
producing energy, there was a general feeling that the public was aware as a whole, and supported the
conversion.
59
Table 5-4 Influence of Stakeholder on Landfill Owners Decision to Use Methane
Landfill
Miramar
Salt
River
Chandler
Iron
County
Blythe
Apex
Operator/
Owner
desire to use
Wanted to
fall under
Section 29
time frame.
Rating: 1
Required to
install
collection
system. Was
able to use
Sec. 29.
Rating: 1
Operator said
desire was
high.
Rating: 1
Operator
feels need,
but will wait
until after this
LF closes.
Rating: 1
Would like to
use, but
doesn't think
is possible
Rating: .5
Have been
waiting for
sufficient
production to
make
profitable.
Rating: 1
Environmental
concerns
Considered but not
the main factor for
installing
conversion facility.
Rating: .5
This was very
important to the
tribe members, and
was part of the
overall decision
making process.
Rating: 1
This was very
important, and was
part of the overall
decision making
process.
Rating: 1
The operator will
pursue installing a
conversion facility.
Feel a moral
obligation rather
than "just letting it
sit there".
Rating: 1
Would like to use,
but this is
secondary after
economic concerns
Rating: .5
Would like to use,
but this is
secondary after
economic concerns
Rating: .5
Organized public
opposition
Small opposition
- stemmed from
Jack of
knowledge.
Rating -.5
Only resistance
was in negotiating
disbursement of
profit.
Rating: -.5
Some opposition
within city
council, no public
opposition.
Rating: -.5
Doesn't expect
any.
Rating: 0
None
Rating: 0
None expected.
Rating: 0
Effect of
Public Desire
Initially public
didn't
understand.
Have current
support.
Rating: 1
Not a
consideration
Rating: 0
Generally
supported by
public.
Rating: 1
Unknown
Rating: 0
Unknown
Rating: 0
None
expected.
Rating: 0
Sum
of
Rate
2
1.5
2.5
2
1
1.5
Analysis of Data
Within each category, I added the ratings and analyzed the total ratings with respect to the four
hypotheses. These data points are non-equivalent variables, and as such there may be a variety of results
(Yin 1984).
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When analyzing the relation of factors within the individual landfill operations, it is clear that
technological factors weigh heavily in the process. Landfill operations that are currently using methane, or
have plans to do so in the near future rated the highest in technological considerations, with landfill
operations that are not currently collecting methane weighing having a total rating for technology of 0. The
same correlation was found when analyzing the economic factors. This strong correlation between
technological feasibility, economic considerations and actual use is not surprising because the landfills that
are producing sufficient waste are required to have a collection system in place so the cost of constructing a
conversion facilities was a small part of the factor.
Regulatory considerations show a strong correlation between regulations and use. Two of the
operations showed regulatory considerations as a detriment. This negative correlation could be the result
of conflicting regulatory requirements between federal agencies such as that described in the Blythe landfill
operation, or the concern of the operator in Iron County that regulations may prohibit adding biomass to
enhance methane production.
Although the original expectation on conversion was that it would mean rise in cost to the
consumer, the actual data showed that among landfill operations that are currently using this resource, an
overall reduction or savings had been realized. This was mainly because the operations are able to
amortize costs of installation over time.
In all six operations, the desire to use gas-to-energy was high, even when there were strong
barriers within the other three areas. This may show that environmental considerations do indeed become a
factor in the decision making process, given that technological and economic barriers are surmountable.
In another context, the relationship of hypothesized inhibitors show a strong correlation between
technological and economic considerations and operations that are currently using this resource. The
results of the data illustrate the degree to which regulatory inhibitors are taken into consideration. When
desire to use is combined with industry knowledge, public participation, and environmental concerns, it is
evident that the overall feeling of salience can be a strong factor in the decision making process. At the
Chandler operation, the desire to use methane, while not as strong as the technological feasibility, was one
of the major driving factors.in the decision to use this resource. The result of these data tests in terms of the
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relation of the factors within each landfill, and the level of consideration each of these factors are in relation
to each other, is discussed below, and shown in Figure 5-1.
-0.5
Miramar Salt River Chandler Iron County Blythe
ImTech BEcon BReg B Desire
Figure 5-lReIations of Factors Among Landfill Operations
Apex
Stakeholder Analysis
In analyzing the data, I have attempted to show correlations between, or barriers to, the use of this
energy source. As I described in Chapter Three, the way a stakeholder defines a problem determines the
manner in which it is handled. The above analysis and corresponding figures show correlations among the
four factors; there is however no implied cause or effect relationship.
The data illustrated that mere is not a general problem with perception of use, in fact generally the
people interviewed were in favor of methane use. These findings show that technological limitations exist
for some operations, and lacking further research into new methods of efficient extractions would be an
inhibitor. Although the basic method of collecting methane is relatively standardized, refinements to
existing technologies in the form of microturbines or computerized monitoring of wells may enable the
smaller landfill operations to begin converting the methane.
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Economic limitations can be varied, and there is no clear legitimized or responsible party. In some
cases economic limitations are caused from industry's lack of sufficient capital to install a conversion
system. Other economic inhibitors involve the government removing tax credits that may help offset
original installation costs.
It becomes evident that a major factor inhibiting the use of methane is regulatory inhibitions, or
conflicting regulations. Regulatory inhibitions were seen in the Iron County situation where the desire to
use biomass to facilitate methane production may come into conflict with existing regulations. We see in
the Blythe landfill a conflicting of regulatory requirements where one regulation requires the landfill to
reduce the overall intake of material. This regulation was passed to encourage recycling. However,
because of the extreme dry climate, the landfill does not produce measurable amounts of methane. If the
landfill were to introduce biomass (not a regulatory inhibitor in California), it may put the landfill out of
compliance with the overall reduction of accepted material requirement, and trigger a fine from the county.
General desire to use methane was very positive. This may mean that desire to use is a necessary,
although not sufficient element in the process in deciding to use methane. But, a high desire to use
methane may promote an individual landfill operator to find a way to make the economic cost benefit
analysis to be favorable, as was seen in the Chandler landfill. One area that showed to be weak was the
level of public outreach programs concerning die use of methane. This may be because the current focus of
trade organizations is on educating the legislative body as to the ability to use this resource.
CHAPTER SIX
POLICY IMPLICATIONS
With projections of the worlds population expected to peak at 8 to 19 billion in the next fifty years, it is
becoming increasingly apparent that the existing use of both renewable and nonrenewable resources will
need to be reevaluated in terms of sustainable use. Not reusing the methane gas for energy purposes is
wasteful, especially in light of our nations' reliance on imported fossil fiiels.
In all cases studied and every personal interview I conducted, there was a desire to use this resource.
Although the degree to which the desire varied, each person had included this factor into their decision
making process.
From the data gathered the need for technological feasibility was seen to be very high. A landfill can
have sufficient waste in place to produce methane, but may not be producing any because of lack of
moisture in the material. As seen in both the Iron County and Blythe landfills, this lack of sufficient
moisture inhibited the production of methane to the point that both landfill operators would like to
introduce some type of catalyst.
The existing practice of using large generators to convert energy works effectively in larger operations.
However, for small landfills such as Chandler, a large generator would use more energy to run than would
be produced from the methane. With new technology, such as microturbines and computer monitoring of
collection wells, the decision to use methane based on technological factors alone would seem
unproductive. There was a correlation between economic and regulatory inhibitors that may help provide
insight to future studies. This was seen in loss of federal tax credits and associated drop in construction of
conversion facilities.
There is a clear connection to the loss of Section 29 tax credits and the drop in facilities converting
methane. With the incentive of the new Section 45 tax credit, the landfill gas projects that would be
installed would produce revenues from the sale of'electricity or the gas. Communities owning landfills and
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providing solid waste management services to their residents would surely welcome such revenues. These
revenues could potentially offset the costs of solid waste management
According to the legislative advocacy representative from SWANA, there really isn't any
organized opposition to the portion of Section 45 that includes a tax credit for landfill operations. The
problem is that the small portion of the bill allowing for the tax credits is connected to the bill with the
controversial drilling program proposed at the Arctic National Wildlife Reserve (ANWR). Both the
President and Vice-President have stated their support specifically for landfill use of gas in the national
energy policy (Smithson 2002). So while not every member of congress may be fully informed of this, the
main players within the government are supportive of its use.
The function of EPA's LMOP is to bring together interested parties and help them to commit to the
process of methane conversion through the signing of a Memorandum of Understanding (MOU). The
MOU "acknowledges a shared commitment to the promotion of landfill-to-gas-energy recovery... and
recognizes that the widespread use of landfill gas will reduce emissions" (EPA 1996 preface). However,
the program is not set up to provide financial assistance. Economists are beginning to quantify the costs of
mitigating climate change and dollar estimates are appearing in research reports (Norgaard et al 1992).
This information should be used to help justify temporary funding for the LMOP to assist industry in
conversion. By providing temporary monetary relief to industry through the outreach program, the EPA
would in effect be helping industry to meet its legal mandates under the Clean Air Act through reduction of
emissions.
APPENDIX A
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INTERVIEW GUIDE FOR CURRENT USERS
Introduction:
A. To myself and describe my thesis research. The purpose of research: to examine why landfill
generated gas is not being used more widely as an alternative fuel in the U.S.
B. How I selected subject for interview
1. EPA LMOP listed this landfill as a current user - at levels equal to or more than
currently being generated in Las Vegas
2. Received information from state of (AZ, CA, NV) concerning landfill capacity.
Questions:
1. How long have you been using the CH4 as an energy source?
a. what got the company involved in it?
2. Would you describe the basics collection distribution system?
a. of the three main conversion methods, which has worked best for your customer use?
and why?
3. If not proprietary, who are your main customers? business or residential?
4. How would you describe the general regulatory climate in terms of incentives or disincentives
for use of CH4?
a. are there any local incentives or disincentives?
b. has the loss of Section 29 tax code affected your use of CH4 as a saleable resource?
c. did Section 29 tax code play any part in the company's decision to use CH4?
i. if so how?
5. What kind of support or opposition have you received from the local community?
a. who were the major people involved with the conversion in terms of local
community members?
b. were there any specific groups involved in the process of conversion?
6. How has the sale of CH4 affected this company in terms of overall costs or profits?
7. To what extent did environmental benefits play a role in determining to use CH4?
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8. Did your company use EPA's methane outreach program?
a. if so, to what extent was it useful?
9. Is there anything else important concerning the use of CH4 that I haven't asked about?
10. Who else should I talk with about the use of this resource?
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INTERVIEW GUIDE FOR NON -USERS
Introduction:
A. To myself and describe my thesis research. The purpose of research: to examine why landfill
generated gas is not being used more widely as an alternative fuel in the U.S.
B. How I selected subject for interview
3. EPA LMOP listed this landfill as a current user - at levels equal to or more than
currently being generated in Las Vegas
C. Ascertain if there are plans for future use of methane for energy. This will set the direction of
questions.
1. If there are plans for use the following will be asked:
Questions:
1. When does the landfill project to begin using CH4 as an energy source?
a. what got the company involved in it?
2. Would you describe the basic collection distribution system now in place?
a. how is the methane being disbursed?
3. If not proprietary, who do you expect to be your main customers?
a. is there an estimated amount that the landfill will realize in terms of profits?
4. How would you describe the general regulatory climate in terms of incentives or disincentives for
use of CH4?
a. are there any local incentives or disincentives?
b. is the passage of the National Energy Security Act of 2001, which includes tax credits for
methane conversion, related to the decision to use CH4?
c. did the loss of Section 29 tax code play any part in the company's decision to not use
CH4 for energy?
ii. if so how?
5. What kind of support or opposition have you received from the local community?
a. who were the major people involved with the conversion in terms of local community
members?
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b. were there any specific groups involved in the process of conversion?
6. To what extent did environmental benefits play a role in determining to use CH4?
7. Did your company use EPA's methane outreach program?
a. if so, to what extent was it useful?
8. Is there anything else important concerning the use of CH4 that I haven't asked about?
9. Who else should I talk with about the use of this resource?
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INTERVIEW GUIDE FOR EPA'S LMOP -
Introduction:
To myself and describe my thesis research. The purpose of research: to examine why landfill
generated gas is not being used more widely as an alternative fuel in the U.S.
Questions:
1. Although the web site describes the function of LMOP as a joiner of concerned interests to
enable LF use as an energy source, is there anything further you can tell me about LMOP's
function in connection with LF operations.
2. In general how would you describe industry's support of LMOP?
3. Have you received any opposition in connection with LF gas to energy?
a. Who has opposed? and why
4. Have you received support in connection with LF gas to energy?
5. Does LMOP have a stand on the proposed tax credit initiatives?
6. In general how would you describe the attitude about using methane?
a. industry perceptions
b. organized environmental groups
c. private (public's) perceptions
7. Has LMOP worked with any state governments concerning programs such as tax credits
8. Keeping in mind my thesis question, is there anything further I should ask LMOP?
9. Who else should I talk to about this question?
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INTERVIEW GUIDE FOR SOLID WASTE ASSOCIATION OF NORTH AMERICA
Introduction:
A. To myself and describe my thesis research. The purpose of research: to examine why
landfill generated as is not being used more widely as an alternative fuel in the U.S.
B. Explain that the portion of my thesis involved in government regulation and that I am
asking specific questions about pending legislation
Questions:
1. I understand that SWANA has a legislative advocacy program designed to represent the
industry in legislative matters that concern the solid waste industry. Approximately
how many landfill operations do you represent?
2. Could you explain to me the differences between the energy bills S. 389, the Republican
version, and S. 596, the Demcxrratic version in terms of passage will affect the landfill
operators?
a. How similar to the two senate versions is H.R. 1863?
b. Which bills does SWANA support and why?
3. Has the proposed legislation gone into committee?
4. Who are the main supporters of the Republican version? This includes outside interests,
as well as elected officials.
a. The main opposers?
5. Who are the main supporters of the Democratic version? This includes outside interests,
as well as elected officials
a. The main opposers?
6. Is SWANA involved in support or opposition to the National Energy Security Act of
2001?
7. What time frame do you expect to see on these bills? (Given recent events in
Washington, it is recognized that it may not be possible to pre-suppose a time frame).
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8. Keeping in mind my thesis question of why landfill generated gas is not being used more
widely as an alternative fuel in the U.S., is there anything else important concerning the
use and legislation of energy that I haven't asked about?
9. Who else should I talk with about the use of this resource?
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INTERVIEW GUIDE FOR SIERRA CLUB:
Introduction:
A. To myself and describe my thesis research. The purpose of research: to examine why
landfill generated as is not being used more widely as an alternative fuel in the U.S.
Questions:
1. Is the Sierra Club aware of the possibility of using LF gas as a resource?
2. If so, has it taken any policy stand?
3. What is the reasoning behind this stand?
4. Is the club working with any other groups on this policy stand
5. How vocal would you say the club is as a whole in expressing support/disapproval for
these types of projects
6. Have they been in contact with EPA or LMOP?
7. Has the tax incentive proposal that is part of the Energy Bill currently being debated in
congress played any part of Sierra Club's policy setting?
APPENDIX B
RISK ASSESSMENT AND ANALYSIS
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Introduction
The perception of risk is often different from the actual risk itself. Risk assessment defines the
risk and isolates a problem. Risk analysis is a tool used to organize information and identify ranges. The
assessment of risk is not to assign a specific significant number in terms of percentage of risk, but rather to
use calculated ranges of possibilities. The assignment of significant numbers is therefore presented in a
high, low and range to avoid spurious precision of the point estimates.
This risk assessment problem is presented in the format of a question/answer.
The problem:
Many scientists believe that the next global problem we will have to deal with will be global
climate change or the "greenhouse" effect The term refers to a cause-and-effect relationship in which "heat
blanketing" of the earth, due to trace gas increases in the atmosphere (Augenstein 1992). Methane is a
greenhouse gas of particular concern because its radiative-forcing potential is thought to be much greater
than that of carbon dioxide (CO2), but there is considerable uncertainty about the quantitative emissions of
CHt from each of its known sources (Peer et al. 1992).
Relative data:
Municipal waste landfills are considered to be a significant source of total methane emission (6-
20%) annually. The atmospheric concentration is about 30 times more than CO2 and is increasing at the
rate of approximately 1% per year, and is expected to continue at this rate (Stepniewski, et al. 1996).
Estimates of the total methane emissions from landfill vary from 30 to 40 Mt/year (Mt/year =
million (106) metric tons per year). (Stepniewski et al. 1996, Coppock 1993). Methane has an atmospheric
lifetime of 10 years (Coppock 1993). ' The 1990 atmospheric concentration of methane is estimated to be
1.72ppmv (parts per million by volume) (Coppocfc 1993).
The U.S. Environmental Protection Agency (EPA) estimates that approximately 600 to 700
landfills produce sufficient methane gas for profitable energy production in the United States (EPA 2000).
Yet as of December 1999, mere were only 218 operating facilities in the U.S. that convert landfill methane
gas to useable energy (EPA-LMOP 2000).
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Questions:
1. Calculate predicted emissions from 1999 to 2030. What type of growth pattern does continued
production of CH, from landfills exhibit?
2. If half of the 600-700 remaining landfills start using methane to produce energy, how will it effect the
overall emission rate? If all 600-700 start conversion how will emissions be effected?
Calculate the high, low and range of these figures.
3. Discuss these findings in terms of the overall greenhouse gas issue. Do you expect it to have a greater
or lesser impact (relative to other greenhouse gasses) 30 years from now?
' "Lifetime is defined as the ratio of the atmospheric concentration to the total rate of removal
(Coppock 1993).
Assumptions and limitations:
Landfills are a source of methane for several decades, but the rate of production varies by site, due
to various factors such as pre-treatment of waste, humidity and soil composition. Therefore, assume the
waste composition is homogenous
The collection efficiency of individual recovery systems is unknown, and is calculated to be a
constant.
It is assumed that the 1% increase has been calculated relative to the atmospheric lifetime of CH,
of 10 years.
Solution 1
In this solution, we are given the starting point of CH, at 1.72 ppmv with an increase of 1% per year.
So yearly increase is .0172 ppm
1.72 ppm* 1% = .0172 ppm
Assume steady annual increase
CH, concentration in 2030 =
1.72 ppm + (.0172ppm/yr * 40 yr)
1.72 ppm + .69 ppm = 2.41 ppm
This could also be calculated by using the compound increase formula of 1.72 + (l+/)n
where / = .01 n = 40, but with the additional questions this formula would not work.
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Solution 2(a)
First it is necessary to remove the existing 218 facilities from the 600-700 possible users. To
calculate the low end of risk, remove the existing users from 600, so:
600-218=382 remaining possible users
The range of methane emissions is given as 6% - 20% - use 6% for this calculation.
Average rate of emissions from landfills is:
.0172 ppm * 6% = .0010 ppm
The emissions from other sources is:
.0172 ppm -.0010 ppm = .0162 ppm
To calculate the emissions if one-half of the remaining were to start using methane to produce energy:
382 * .5 = 191 new users of methane for energy production
So the decrease in landfill emissions would be the current annual rate of emissions times the decrease:
.0010 ppm * 50% = .0005 ppm
Then the overall emission rate would be:
.0010 ppm - .0005 ppm = .0005 ppm from landfills
Solution 2(a) - high risk - using high end of number of landfill operations and high end of emissions
First it is necessary to remove the existing 218 facilities from the 600-700 possible users. To
calculate the high end of risk, remove the existing users from 700, so:
700-218=482 remaining possible users.
The range of methane emission is given as 6% - 20% - use 20% for this calculation.
Average rate of emissions from landfills is:
.0172 ppm * 20% = .0034 ppm
The emissions from other sources is:
.0172 ppm - .0034 ppm = .0137 ppm
To calculate the emissions if one-half of the remaining were to start using methane to produce energy:
482 * .5 = 241 new users of methane for energy production.
So the decrease in landfill emissions would be the current annual rate of emissions times the decrease:
.0034 ppm * 50% = .0017 ppm
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So for problem 2a, the range of the reduction in emissions rate would be .005 tp .0017 ppm if half of the
remaining landfill operations produced energy from methane.
Solution 2 (b):
First remove the existing users:
600-218 = 382 non users
Low end of the range:
The average rate of emissions from landfills is:
.0172 ppm * 6% = .0010 ppm
This is the low end reduction in emissions if all landfill operations converted to energy production
High end of the range:
The average rate of emissions from landfills is:
.0172 ppm * 20% = .0034 ppm
This is the high-end reduction in emissions if all landfill operations converted to energy production.
So for problem 2(b), the range of the reduction in emissions rate would be:
.0010 ppm to .0034 ppm if all landfill produced energy from methane.
Solution 3
Current emissions including landfills are .0172 ppm/yr. Left unchanged the amount of CHt in the
atmosphere in 2030 would be 2.41 ppm
Removing one - half of possible landfill emission sites would reduce the amount in the atmosphere from
2.41 to 2.39 ppm.
Removing all of possible landfill emission sites would reduce the amount of CHt in the atmosphere in 2030
from 2.41 ppm to 2.32 ppm
These figures do not show a significant difference in concentrations of CHt in the atmosphere.
However, Given
CK, + 202 ^ C02 -i- 2H20
converting a molecule of CIL, to CO2 results in 1/21 of the greenhouse effect producing potential.
APPENDIX C
PEOPLE INTERVIEWED
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Name
Ray A. Purtee, P.E.
Margaret Bezy
Richard Allen, P.E.
Mike McCleve
Gerry Backhaus, CPM
Patrick Johnson
Alan Wade
Steve Platt
Hans Kernkamp
Alan Gaddy
Holly Smithson
Brian Guzzone
Renee Florez
Keith Lozeau
Title
Senior Mechanical Engineer Refuse
Disposal Division, The City of San Diego
Program Coordinator, San Diego County
Site Environmental Engineer/Technical
Manager - Salt River Pima-Maricopa Indian
Community Salt River Landfill
Engineer- SAIC
Superintendent Public Works Chandler,
Arizona
Customer Service Field Specialist Public
Works - Chandler Az.
Manager - Iron County - Armstrong Pit
Landfill
Iron County Engineer
Principal Engineer, Riverside County
General Manager., Republic Services of
Southern Nevada
Director of Government Affairs, SWANA
Team lead LMOP/EPA
Field application specialist, Capstone
microturbines
Power systems sales — Caterpillar engines
L.F. Operation
Miramar
Miramar, San Marcos, Blythe
Salt River
Salt River
Chandler
Chandler
Iron County
Iron County
Blythe
Apex
General
General, Miramar, Salt River,
Blythe, Chandler
General - technical
General - technical
Tried but no information
Anne Mesinkoff Sierra club spoke with her - Sierra Club has
no formal policy
REFERENCES
Aitchison, Elisabeth. 1996. "Methane Generation from UK Landfill sites and its use as an Energy
Resource". Energy Convers Mtg.. Vol 37, Nos 6-8. pp 1111 -1116. Great Britain.
Anderson, P., Alexander, M. 2001. "Is composting getting a fair shake in EPA landfill bioreactor
analysis? " BioCycle. Apr 2001, Vol 24 Issue 4, p. 81.
Augenstein, D. 1992. "The greenhouse effect and US landfill methane." Global Environmental
Change. Butterworth-Heinemann, Ltd.
Block, D. 2000. "Reducing Greenhouse Gases at Landfills." BioCycle. April 2000, Vol 41, Issue 4, p
40.
Bosso, C.J. 2000. "Environmental Groups and the New Political Landscape." Environmental Policy,
Fourth Edition, Vig, N.J., et al. eds. CQ Press. Washington, D.C.
Busenberg, G.J. 2000. Environmental Policy 2000 Notes for Week 8&9.
http://www.unlv.edu/faculty/gjb.
Byrnes, B., Rahimzadeh, M., Baugh, K., Jones, C. 1995. "Shedding Light on the Marketability of
Renewables. Profits in the Public Interest." NARUC-DOE Conference on Renewable and
Sustainable Energy Strategies in a Competitive Marked. Madison, Wisconsin. National
Association of Regulatory Utility Commissioners, May 1995.
Caterpillar Performance Handbook. October 1999. Caterpillar Inc. Peoria 111.
Climate Diagnostics Center (CDC). 2002. http://'www.cdc.noaa.gov/index.html.
Code of Federal Regulations, "Title 40 Volume 6, Part 60 Sections 60.750 - 60.758". Revised as of
July 1, 1999. http://www.access.gpo.gov/nara/cfr/cfr-table-search. html
Connett, P.J. 1994. "The Disposable Society." The Environmental Ethics and Policy Book,
VanDeVeer, et al., eds. Wadsworth Publishing Company, Belmont California.
Coppock, R. 1993. "The Threat of Greenhouse Warming." Comparative Environmental Risk
Assessment. Cothem, C.R., ed. Lewis Publishers, Boca Raton.
Davis, C. 1997. Western Public Lands and Environmental Politics. Boulder, Colorado. Westview
Press.
Department of Energy. 2001a. Using Landfill Gas for Energy: Projects that pay.
www.eren.doe.gov/citits_counties/landfill.html.
Department of Energy (b). 2001. Methane Emissions.
www.eia.doe.gov/oiaf/1605/gg98rpt.methane.html.
Enger, E.D., Smith B.F. eds. (1998) Environmental Science, A Study of Interrelationships, 6th ed.
McGraw-Hill
81
82
Environmental Protection Agency (EPA), 2001. Global Warming Emissions.
http://www.epa.gov/globalwarming/ emissions/index#GHG
Environmental Protection Agency (EPA a). December 2,2000. Global Warming Climate.
http://www.epa.gov/globalwarming/climate/index.html.
Environmental Protection Agency (EPA b).November 29,2000. "Global Warming".
http://www.epa.gov/globalwarming/indexhtml.
Environmental Protection Agency (EPA c). December 2,2000. "Methane"
http://www.epa.gov.globalwarming/emissions/national/methane.html.
Environmental Protection Agency Landfill Methane Outreach Program (EPA-LMOP) (a) February
2000, (b) August 2000). http://www.epa.gov.hnop/faq.html.
Environmental Protection Agency Landfill Methane Outreach Program (EPA-LMOP). August 2001.
Data base on U.S. landfill methane use potential.
Environmental Protection Agency. 1999a. EMC-FTIR Technology, www.epa.gov/ttnyemc/ftir.html.
July 12, 1999.
Environmental Protection Agency. 1999b. U.S. Methane Emissions 1990-2020: Inventories
Projections, and Opportunities for Reductions. U.. S. EPA Office of Air and Radiation. EPA
430-R-(99-013. September 1999.
Environmental Protection Agency. August 1996. Opportunities for Landfill Gas Energy Recovery in
Nevada, Draft Profiles of Candidate Landfills and Current Projects. Atmospheric Pollution
Prevention Division U.S. Environmental Protection Agency, ICF Incorporated under Contract
68-D4-0088.
Environmental Protection Agency. 1993. Safer disposal for solid waste, the Federal regulations. Solid
Waste and Energy Response. EPA/530 SW 91 092. March 1993.
Environmental Protection Agency. 1991. Air Emissions from Municipal Solid Waste Landfills -
Background Information for Proposed Standards and Guidelines, EPA-450/3-90-011A (NITS)
PB91-197061), March 1991.
Flores, R. 2002. Field Application Specialist, Capstone Turbines. Personal communication.
Gaddy, A. 2000. Vice President, Republic Silver State. August 2000. Personal communication.
Galle, G., Samuelsson, J., Svensson, B., Borjesson, G. (2001) "Measurements of methane emissions
from landfills using a time correlation tracer method based on FTIR absorption spectroscopy."
Environmental Science & Technology, vol. 35, no 1, pp 21-25, Jan 2001. ACS, Washington,
D.C.
Glickman, T.S., Gough, J.eds. 1990. "Resources for the Futures." Readings in Risk. Washington,
D.C.
Guzzone, B., USEPA/LMOP. 2001. "Landfills Gas Utilization: The Future's So Bright." MSW
Management, Journal for Municipal Solid Waste Professionals. V. 11 No. 5. Santa Barbara,
CA.
Hempel, L.C. 2000. "Climate Change on the Installment Plan" Environmental Policy: New Directions
for the Twenty-first Century. 4th ed. N.J. Vig and M.E. Kraft, eds. CQ Press, Washington,
D.C.
83
Hutchinson, Peter J. 1993. The Hutchinson Group, Ltd. "An Energy Perspective on Landfill Gas." The
Future of energy Gases. David g. Howell, ed. U.S. Geological Survey Professional Paper
1570, 1993. United States Government Printing Office, Washington.
Jasanoff, S. 1996. "The Dilemma of Environmental Democracy". Issues in Science and Technology
12:1 (63-74).
Kammen, D.M. Hassenzahl, D.M. 1999. Should We Risk It? Princeton University Press, Princeton,
NJ.
Kleindorfer, P. R., H. C. Kunreuther, et al. (1993). Decision Sciences: An Integrative Perspective.
New York, Cambridge University Press.
Kingdon, John W. 1995. Agendas, Alternatives, and Public Policies, 2e. HarperCollins College
Publishers. New York.
Kuman, R. 1996. Research Methodology: A Step-by-step Guide for Beginners. Sage Publications,
Thousand Oaks, Ca.
Lackey, R.T. 1997. "If Ecological Risk Assessment is the Answer, What is the Question?" Health and
Ecological Risk Assessment. 3(6): 921-928.
Leach, A. 1990. "Landfill gas abstraction." Landfill gas-energy and environment '90, Richards, G.E.,
and Alston, Y.R., eds. Bournemouth, England, Harwell Laboratories, p. 204-222.
Leedy, P.D., Ormrod, J.E. 2001. Practical Research Planning and Design. Prentice-Hall, Inc., Upper
Saddle River, New Jersey.
Lozeau, Keith. 2001. Power System Sales. Las Vegas Caterpillar Sales office. Personal
communication. January 14, 2002.
McBean, E.A., Robers, F.A., Farquhar, GJ. 1995. Solid Waste Landfill Engineering and Design.
Prentice Hall, Inc., N.J.
Marshall, B.N. 1988. "Landfill gas collection systems - Cost, effectiveness, and maintenance".
Proceedings from the GRDCA 11th International Landfill Gas Symposium; Silver Spring Md.,
Carolan, M.J., Martin H.L., Flanagan, K.A., Haley L.W., eds. Government Refuse Collection
and Disposal Association.
Meadows, D.H., Meadows, D.L., Randers, J. 1992. Beyond the Limits, Chelsea Green Publishing
Company, Post Mills, Vermont.
National recycling Coalition (NRC). 2002. Policy Research and Advocacy.
www.nrc.recycle.org/advocacypublic/policypolicy.htm
Nevada Revised Statutes (NRS). 2001. SB 372 www.leg.state.nv.us/71st/reports/history
Norgaard, R.B., Howarth. R.B. 1992. "Economics, Ethics, and the Environment". The Energy
Environment Connection. J.M. Hollander ed. Island Press, Washington, D.C.
Peer, U.L., Epperson, D., Campbell, D., von Brook, P. 1992. Development of an Empirical Model of
Methane Emissions from Landfills. Final Report EPA-600/R-92-037. Washington D.C.
Pipatti, R., Savolainen, I. 1996. "Role of Energy Production in the Control of Greenhouse Gas
Emissions from Waste Management." Energy Convers. Mgt. Vol. 37, Nos 6-8, pp 1105-1110.
Great Britain.
84
Press, D., Mazmanian, D.A. 2000. "Understanding the Transition to a Sustainable Economy."
Environmental Policy: New Directions for the Twenty-first Century. 4* ed. N.J. Vig and M.E.
Kraft, eds. CQ Press, Washington, D.C.
Purtee, R.A. 2001. August 2001. Senior Mechanical Engineer Refuse Disposal Division,
Environmental Service, the City of San Diego. Personal communication.
Sabatier, P.A., Jenkins-Smith, H.C. 1999. "The Advocacy Coalition Framework: An Assessment.
Theories of the Policy Process. " Paul A. Sabatier (ed). Bounder, CO: Westview Press.
Senge, P.M. 1990. The Fifth Discipline, the Art & Practice of the Learning Organization. Doubleday,
New York.
Smith, S. 1999. "Ecological Responses to Global Change". UNLV class notes. May.
Smith, S. 1999b. "World Biomes." UNLV class notes. February
Smithson, H. (2002) Director of Government Affairs. Solid Waste Association of North America.
Personal communication.
Solid Waste Association of North America (SWANA). August 2000. Policy and Representation.
http://www.swna,com/whypolicy?.html.
Soroos, M.S. 1997. "A Primer on the Atmosphere and Pollution". The Endangered Atmosphere:
Preserving a Global Commons. Columbia, SC: University of South Carolina Press.
Stepniewski, W., et al. 1996. "A Possibility to Reduce Methane Emission From Landfills by its
Oxidation in the Soil Cover." Chemistry for the Protection of the Environment 2. Pawlowski,
J., Lacy, W.J., uchrin, C.G., Denzinska, M.R., eds. Plenum Press, New York.
Sutler, G.W. II. 1993. Ecological Risk Assessment. Lewis Publishers, Boca Raton, Florida.
Tanner C. Capstone Turbine Corporation. 2001."Micoturbines: A Disruptive Technology."
Cogeneration and Competitive Power Journal.
Tchobanoglous, G., Theisen, H., Vigil, S. 1993 Integrated Solid Waste Management, Engineering
Principles and Management Issues. McGraw-Hill, Inc.
United States Code Annotated, 1995. Title 42, The Public Health and Welfare, Sections 6901,6902,
6921, 6982. West Publishing Co., St Paul, Minn.
Wegener, R.W., Lekstutis, J.P. 1989. "LFG Design for the long term." Waste Age. April 1989.
Weiss, J. 1989. "The powers of problem definition: The case of government paperwork". Policy
Sciences 22:97-121.
West Coast Analytical Service. 2001. Fourier Transform Infrared Spectroscopy (FTIR).
www.wcaslab.com.
Wheless, E., Cosulich, J., Wang A. 1996. "Converting Landfill Gas to Vehicle Fuel: The Results of
over 30 Months of Operation.' SWNA 19* Annual Landfill Gas Symposium, Raleigh, NC.
Yin, Robert K. 1984. "Case Study Research Design and Methods" Applied Social Research Methods
Series, Vol. 5 Sage Publications, Beverly Hills, Ca.
VITA
Greenspun College of Urban Affairs
Environmental Studies
University of Nevada, Las Vegas
Sharee Lynn Bowdidge
Home Address:
809 Vermillion Drive
Henderson, Nevada 89015
Degrees:
Bachelor of Arts, Communication Studies, cum laude 1994
University of Nevada, Las Vegas
Special Honors and Awards:
Deans Honor List - Fall 1992
Deans Honor List - Spring 1993
Deans Honor List - Fall 1993
GREAT Assistantship summer research award - 2001
Thesis Title: A Study of Obstacles to Use of Methane Gas Produced in Landfill for Energy in the
Southwest United States
Thesis Examination Committee:
Chairperson, Dr. Krystyna Stave Ph.D.
Committee Member, Dr. George Busenberg, Ph.D.
Committee Member, Dr. David Hassenzahl, Ph.D.
Graduate Faculty Representative, Dr. Jacimaria Batista, Ph.D.
85
